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Reaction of 2°, 3'-O-methoxyethylideneadenosine 
with pivalyl chloride in pyridine solution followed by 
treatment of the crude reaction mixture with methanolic 
sodium methoxide was found to give good yields of 9- 


(2,3-anhydro-g-D-ribofuranosyl) adenine (Adenosine ribo- 


epoxide). 

Nucleophilic opening of the epoxide ring of this 
compound was found to proceed predominantly by attack 
at the C-3' position by all the nucleophiles studied. 
This type of reaction gave direct access to a number of 
important nucleosides from the naturally occurring 
ribonucleoside. Among these are: 9-§-D-xylofuranosyl- 
adenine, 3'-deoxyadenosine (the antibiotic cordycepin), 
and 9-8-D-arabinofuranosyladenine (AracA)is in’ this. 
case via 9-(2,3-anhydro-§-D-lyxofuranosy1) adenine. 

This useful lyxo-epoxide was opened with the same nucleo- 
philes as the ribo-epoxide and predominant attack at 
C-3' was again observed. 

Reaction of tubercidin ,4-amino-7—(6-D-ribofurano 
syl)pyrrolo{2,3-d]pyrimidine, with Neaeeton Semmes) 
chloride in the presence of sodium iodide gave quanti- 
tative yields of an iodo intermediate which was trans- 
formed into 4-amino-7- (2,3-anhydro-g-D-ribofuranosy1) - 
pyrrolo[2,3-d]pyrimidine (tubercidin ribo-epoxide) by 


mild treatment with base. This compound was a convenient 
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starting material for the first synthesis of two 
tubercidin epimers of biological. interest, 4-amino-7- 
(8-D-xylofuranosy1) pyrrolo[2,3-d]pyrimidine (xylo- 
tubercidin) and 4-amino-7- (8-D-arabinofuranosy1) - 
pyrrolo[2,3-d]pyrimidine (arabinotubercidin), again 
in°the latter case via the corresponding lyxo-epoxide, 
4-amino-7- (2,3-anhydro-8-D-lyxofuranosy1) pyrrolo- 
[2,3-d])pyrimidine. 

The usefulness of the Dekker column [Dowex 1-X2 
(OH )] has again been demonstrated by the easy separation 
of a number of diastereoisomeric compounds in both the 
adenosine and tubercidin series. Confirmation of struc- 
tures was readily deduced through the combined use of 


mass spectrometry and nmr spectroscopy. 
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Pe Neel Oo DO Geri ON 
A. A BRIEF HISTORICAL OUTLINE OF NUCLEOSIDE STRUCTURE 

AND SYNTHESIS. 

In 1871 Friedrich Miescher (1) published his funda- 
mental investigations which led to the discovery of what 
we now call "nucleic acids" (2). 

It was Levene and Jacobs (3) who introduced the 
term nucleoside to describe the purine-carbohydrate de- 
rivatives isolated from alkaline hydrolysates of yeast 
ribonucleic acid. The term is now widely used to include 
all the compounds of synthetic or natural origin which 
contain an heterocyclic base linked, through nitrogen or 
carbon, to the C-l position of a sugar. 

The major nucleosides obtained from ribonucleic acids 
are the purine derivatives, adenosine CE); guanosine (2), 


and the ribosyl pyrimidines, cytidine (3) and uridine (4). 
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The deoxyribonucleic acids contain 2'-deoxyadenosine (5), 
2'-deoxyguanosine (6), 2'-deoxycytidine jin and thymidine 


(8) . 


NH, : NH, oO 
N= SN N a HA 3 
SN HoNf are | Scars On 
HOCH, 5 R R 
.@) 
Res 2-deoxy=Doerythro- 
pentose (2-deoxy- 
HO D-ribose) 
es ; B 
2'-Deoxyadenosine 6 2-Deoxycytidine 8 
2'-Deoxyguanosine Thymidine 


Since the bases of the major ribonucleosides are readily 
obtained by acidic hydrolysis, they were early identified 
as adenine, guanine, Loe anor and yuracil: (4). 

The carbohydrate moiety of adenosine (1) and guano- 
sine .(2) .remainedsunidentified for.many years until, in 
1911, Levene and Jacobs crystallized it and characterized 
itijas.D-ribose (5)... Confirmation of, the presence of D- 
ribose in uridine (4) and cytidine (3) was obtained by 
Gulland and co-workers in 1947 (6). 

The determination of the sugar moiety of the deoxy- 
nucleosides was accomplished by Levene and co-workers (7) 
when they showed that this sugar showed many of the 


properties characteristic of 2-deoxy sugars and was iden- 
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tical with synthetic L-2-deoxyribose even that the 
specific rotation, while of the same numerical value, 

was opposite in sign (8). The next step, the size of 

the ribofuranosyl ring, was elucidated by Levene and 
Tipson (9). They obtained, by simultaneous methylation 
and deacetylation of tri-O-acetyladenosine, tri-O-methyl- 
N-methyladenosine which on acid hydrolysis yielded 6- 
methylaminopurine and a trimethylribose, identified as 
2737 tr tie hyil—D-r ibofuranosesby Oxidation) first/to tri- 
methyl-y-D-ribonolactone and then to meso-dimethoxy- 
Succinic ‘acid: 

Two questions remained unsolved: (1) What is the 
chemical bond and position of attachment of the sugar to 
the base? (2) What is the configuration at the sugar- 
base linkage? 

The rapid acid hydrolysis of purine nucleosides 
suggested that the sugar was linked to the base as a ring 
N-glycosyl derivative rather than through a C-C bond, 
the amino groups of adenosine (1) and guanosine (2) were 
excluded since deamination could be performed without 
loss of the sugar residue. Through ultra-violet absorp- 
tion spectral studies (10, 11, 12) it was evident that 
the purine nucleosides are 9-ribosylpurines. Confirma- 
tion of the location of the sugar was given by Todd and 
his co-workers (13) through the synthesis of 9-D-manno- 


pyranosyl adenine (10). By oxidation with periodate, 
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this compound gave a dialdehyde 9 identical with that 


obtained from adenosine (1). 
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Todd and his co-workers also answered the last 
question when they demonstrated in 1946 (14) the identity 
of the aldehyde obtained by periodate oxidation of 
adenosine (1) with that resulting from similar treatment 
of 9-8-D-glucopyranosyladenine, the 8-configuration of 
which was indicated by synthesis of the compound from 
a-acetobromo-D-glucose. The same group established 
proof of the 8-D-configuration when they discovered (15) 
the formation of 5'-cyclonucleosides derived from cytidine 
(3) (07+5") and adenosine (1) (NP45'), 

As in many other fields of chemistry, the period of 
Structure elucidation was followed by a period during 


which numerous workers devoted their energies to the 
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development of methods suitable for the synthesis of nat- 
urally occurring nucleosides. 

Three main classes of methods exist: In the first, 
the appropriate heterocyclic base is coupled with a 
reactive form of a presynthesized sugar, commonly a sugar 
halide. In the second, the heterocyclic base is elabo- 
rated=from iaisimple N-glycosyl precursor. In the third, 
the nuclecside is modified either in the sugar moiety or 
in the heterocyclic base or in both. All three types 
of methods have been used with success as will be dis- 
cussed in terms of some interesting examples. The syn- 
thetic work in this area was started by E. Fischer and 
B. Helferich in 1914 (16). These workers condensed 
tetra-O-acetyl-c-D-glucopyranosy!l bromide with the silver 
Salts of certain purines. This provided a route to 9- 
B-D-glucopyranosyladenine and 9-8-D-glucopyranosylguanine. 
It is interesting to note that the same method was used 
by Todd's group some thirty years later to synthesize 
adenosine (1) and guanosine (2) using Z27o yo tel O-acety l= 
D-ribofuranosyl bromide (11) as the sugar component (17) 
(13). 

Intthe pyrimidine series, coupling of tri-O-acetyl- 
D-ribofuranosyl bromide (11) and 2,4-diethoxy pyrimidine 
(L2)e(the Hitbert=Johnson method) (19) ) led) to the ysyn- 


thesis (20) of cytidine ?(3) and*also uridine (4). 
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Only three ere later a Significant improvement in 
technique was introduced by Davoll and Lowy (21). They 
used the chloromercuri derivatives of purines in place 
of the silver salts of Fischer and Helferich. fThus, 
adenosine (1) could be synthesized-in fair yield from 
chloromercuri-6-benzamido puermne:)(14) and) 2,3,5-tra-O0- 


acetyl-D-ribofuranosyl bromide’ (11). 
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It was shown later (22) that mercuri derivatives of 
pyrimidines are effective reagents for the preparation 
of pyrimidine nucleosides. 

However, it was as recent as 1958 that the first 
component of deoxynucleic acids, the pyrimidine 2'- 
deoxyribonucleoside thymidine (8), was synthesized by 
Shaw and Warrener (23). In 1959, B. R. Baker and his 
group (24) achieved the synthesis of the first purine 
2'-deoxy-nucleoside, 2'-deoxyadenosine (5), using the 
chloromercuri salt method. 

Until 1948 each of the four known classes of 
nucleic acid was thought to consist of only the four 
basic’ nucleoside monomers 1-4. However, in that year, 
Hotchkiss (25) detected the first modified component 
of a nucleic acid, 5-methylcytosine, in a sample of 
calf thymus DNA. Since that time, five modified 
nucleosides in DNA and over thirty-five modified nucleo- 
Sides in RNA have been identified. It has also be- 
come apparent that it is not possible to estimate how 
Many nucleic acid components actually exist. The dis- 
Shes of these modified nucleosides opened a wider 
field to nucleoside chemists. It was the isolation of 
the first nucleoside antibiotic (defined here as a 


compound of microbial origin that is able’to disrupt 


the normal functioning of other cells), Cordycepin (16) (26) 


more than any other single factor, that provided the 
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impetus for chemical research in the nucleoside area. 
Since that discovery, a number of nucleoside anti- 

biotics have been isolated. To cite only a few of 

particular interest to this work: 

- 9- (3-Deoxy~8-D-erythro-pentofuranosyl) adenine (16) 
(3'-Deoxyadenosine OP Cordycepin) i2 oy ties) (28) 

= 9-6-D=Arabinoturanosyladenine (17) -(Ara’A) (29) 

_ 9- (3-Amino-3-deoxy-8-D-ribofuranosyl)adenine (18) 
(3.0) 9431) 

- Boma Texan Ho tucdnesy i yoycrol.o 2, 3od| pyrimidine 
(19)" \(Tubenecidin)) (32) 

be foot See ee eee 


idine (20) (Formycin) Css aa. 
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Nucleoside antibiotics have been studied in a 
variety of ways including uses as: biochemical tools, 
models for conformational studies, mass spectroscopy, 
nuclear magnetic resonance, optical rotatory dispersion 
and circular dichroism measurements. They have been 
used in the elucidation of steps involved in the reading 
of the genetic message at the ribosome, for protein 
biosynthesis, RNA synthesis, DNA synthesis, and a host 
of other biological problems. Their close resemblance 
to the purine nucleosides and nucleotides have made them 
useful as structural analogs and inhibitors. 

Cordycepin (16) has been the object of numerous 
studies by biochemists. It has been found to be a cyto- 
toxic nucleoside and an RNA synthesis inhibitor, but it 
does not inhibit DNA synthesis. It is also known to act 
as a negative feedback inhibitor of purine nucleotide 
biosynthesis (35). 


Ara A (17) on the other hand, inhibits DNA synthesis 
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in animal cells in culture, bacteria and DNA-viruses. 
It has significant therapeutic activity against Herpes 
Simplex keratitis in hamsters (36). Ara A was found 
(36a) to be rapidly deaminated to 9-(8-D-arabino- 
furanosyl)hypoxanthine. The rate was approximately 203% 
that of adenosine aiaie o=6-D-xy Lofuranosyladenine 
(23b) was more rapidly deaminated than Ara A. 
Tubercidin (19) is a nucleoside analog of adenosine 
(1) with a modified base. The nitrogen at position 7 
of the imidazole ring of adenosine has been replaced 
by a carbon atom. Tubercidin was first isolated in 
1957 (32) from the culture filtrates of Streptomyces 
tubercidicus, its structure was elucidated in 1960 by 
Suzuki et al. (37) sand confirmed by, Tolman et al. (38) 
by synthesis. It inhibits both DNA and RNA viruses. It 
is an excellent substrate for adenosine kinase but is 
not subject to glycosidic bond phosphorolysis. Its 
triphosphate can replace adenosine triphosphate but 
interestingly it is not deaminated by adenosine deaminase 
(39). Very recently (40) tubercidin has been used 
topically on patients suffering from actinic keratoses 
with good therapeutic results. | 
“Finaliy,. formycin (20) 15 one representative of a 
new class of nucleoside antibictics called C-nucleosides. 
This *reters. to ithemtact) that! the ‘C-1 of  thepDoribofuranose 


is joined to the heterocyclic base by a carbon-carbon 
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bond. It was originally isolated from the culture fil- 
trates of the actinomycetes Nocardia interforma n. sp. 
in 1964 (33) and its first total synthesis appeared (41) 
Peds b.  rormycin (20) sertectively replaces adenosine 
(1) in a number of enzymatic reactions. At high con- 
centrations it inhibits DNA synthesis in some cell 
culture strains but does not inhibit RNA synthesis and 
only has a slight effect on the inhibition of protein 
synthesis. It is known to be deaminated readily by 
adenosine deaminase. 

These nucleoside antibiotics and many others have 


been reviewed in detail by Suhadolnik (42) in 1970. 
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B. SYNTHESES OF CERTAIN BIOLOGICALLY IMPORTANT 


NUCLEOSIDES 


Certain syntheses of particular significance to the 
work described in this dissertation, which involves 
preparation of adenosine analogs via transformation of 
the nucleoside to a 2', 3'-anhydro (epoxide) derivative, 
will now be discussed. Only brief mention will be 
made of methods used for pyrimidine transformations. 

In 1950 (43), the first of several syntheses of 9- 
8-D-xylofuranosyladenine (235) “appeared. Treatment” of 
2,3,5-tri-O-acetyl-D-xylofuranosyl chloride (2) with 
the silver salt of 2,8~dichloroadenine (22) was followed 
by deblocking with base. A compound identified as 
9-(8 -D-xylofuranosyl)-2,8-dichloroadenine (23a) was 


obtained in 40% yield which was hydrogenolyzed to give 


23b. 
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No conclusive structure proof'was:' given. In’ 1957, 
Baker and Hewson (44) described an alternative route. 
mhusy 23bwas prepared: in*47% overall yield»from'’a-D- 
xylofuranose tetrabenzoate, via coupling of the derived 
1-bromide and chloromercuri-6-benzamido purine (14). 

The purity of this valuable intermediate for further 
nucleoside transformations was again in doubt. For 
example, paper chromatography showed about 5% of adenine; 
and the a-anomer could well have been present. 

ineLI639 Leepetealt, (45)"reported the synthesis of 
23b by the fusion method. This method, originated 
by Shimadate and co-workers (46), consists of heating a 
polyacylated sugar and a substituted purine under vacuum 
ime Ghevpresence or p-tolucnesulfonic acid! 4~Insthis 
case, fusion of tetra-O-acetyl-D-xylofuranose witn 6- 
nonanamidopurine gave approximately equal amounts of 
23b and its a-anomer. 

Finally, in 1971 Ikehara and co-workers (47) also 
reportedthe synthesis of"23b by =the*fusion method. They 
used i, 243 ,>-tetra—-O-acety1—xy lofuranose and Ne 
benzoyladenine with p-toluenésul fonic acid as catalyst. 
The crude yield for the condensation was 47%. After 
deblocking this material with sodium methoxide in methanol, 
the crystallized material was shown to be a mixture of the 
a and 8 isomers. The 8 isomer 23b, could, according to 


the authors, be obtained pure in an unspecified yield. 
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However, the data given are somewhat questionable. It 


is interesting to note the wide range of reported spe- 
24. 
Dd: 
slousen (C 1.10; HO) eso Oaks in(C Le 25 HO) (48), -19° 


GLELCTroOtat tons ofs23b: [a] =22.4.5° (c ie Zee H50) (45)\, 


$Co 2-H, 0) 144336 


2 
Those examples illustrate difficulties encountered 
during coupling or condensation reactions. It is difficult 
to separate the qa and 8 anomers simultaneously formed and 

to obtain either of them in the high state of purity re- 
quired if the compound is going to be useful in bio- 
chemistry. In addition, it has been found that the 
mercuri salt coupling method can give products which are 
contaminated with minute amounts of mercuric ions. These 
toxic trace ions are difficult to remove and may be bio- 
logically significant (49). 

Another problem associated with the condensation 
methods using metal salts is the stereochemical preference 


for one of the possible isomers. In 1954 Baker stated 


what is now known as "Baker's trans rule:" 


Condensation of a heavy metal salt of a purine 
or pyrimidine with an acylated glycosyl halide 
will form a nucleoside with a _C-1 £0 C-2 trans con- 
figuration in the sugar moiety regardless of the 
OLrlGinal contsgurationvat. .c-1 ((50)'. 


For instance, the acetylated D-arabinofuranosyl 


halides give the a nucleoside anomer upon condensation. 
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This makes this route inapplicable to the synthesis of 
B-D-arabinonucleosides (51). 

In the pyrimidine series, §-D-arabinofuranoside 
Synthesis was solved by a new route: formation of a One" 
cyclonucleoside,-an important class of nucleosides, and 
subsequent anhydro ring opening by attack at the 
pyrimidine erent These 0*+2'-cyclonucleosides form readily 
when the 2'-O-sulfonate esters which are trans to the 
base are treated with ammonia or dilute alkali (52). 
Hydrolysis of be ey evonn iene CAoyaitorigiy oat =6-D-= 
arabinofuranosyluridine (26) is achieved, for instance, 


by either base or acid, the later being more generally 


applied in this case. 
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In the purine series, the preparation of certain 


cis-1'-2'-nucleosides was achieved through intra- 
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molecular nucleophilic substitution reactions. Very 
early it was found that direct displacement reactions 
at functionalized sugar hydroxyl groups, especially the 
secondary hydroxyls on the ring, are difficult. In 1960 
Todd and Ulbricht (53) reported limited success in an 


oN, Gisplacement Of 3 -O=p-nitrobenzenesulfonyl! 


2 
derivative of adenosine using sodium iodide. They also 
mention that attempted displacements at the 2'-position 
failed. 

An alternative route using neighboring group trans- 
formations provided an answer to this problem. An 
example of a simple neighboring group reaction is 
ieeustrated@ by the conversion ora trans—-172-hydroxy- 
sulfonate or trans-1,2-di-O-sulfonate to an epoxide. 
This represents Bné of the easiest ways of access to an 
important type of intermediate in nucleoside inter- 
conversions. 

An early example of a nucleoside 2',3'-epoxide was 
meported by Davol lvet al. .(54))- Treatmentuof J i2.73- 
di-O-p- (toluenesulfonyl) -5-O-trityl-8-D-xylofuranosy1] - 
theophylline (27) with sodium methoxide gave the 2',3'- 


anhydroriboside 28. 
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Scheme VI 


The anhydroriboside 31 derived from adenosine (1) 
was first reported by Baker and co-workers (24) in 1959. 
The last step of this elaborate synthesis was the treat- 
ment of the trans acetoxytosylate 30 (obtained by 
coupling reaction of 29 with chloromercuri 6-benzamido 


purine (14) with base. - The overall yield was 8.9% from 
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This synthesis was improved (55) by converting 9- 
B-D-xylofuranosyladenine (2easter the) )3":jo'-O-1s0- 
propylidene deravativel32.. “Réaction of 32 with a.large 
excess of benzoyl chloride in pyridine gave’ a com- 
pound thought to-be the tribenzoyl derivative 33. 
Cleavage of ‘the 0-isopropylidene: group of 33 gave 34. 
which was treated with trityl chloride/pyridine. The 
product of that reaction was treated directly with 
excess methanesulfonyl chloride to form the mesylate 
Bow tne crude matertal* was detritylated to give 36, 
which was converted’ to the anhydro nucleoside 31 with 


sodium methoxide. The overall yield from 23b was 193%. 
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The epimeric adenine anhydrofuranoside, 9-(2,3- 
anhydro-8-D-lyxofuranosyl) adenine (38), was also pre- 
pared by the same group of workers (56) by treatment 
of 32 with methanesulfonyl chloride to give Dike 
Removal of the ketal group from 37 was followed by 


epoxide formation using sodium methoxide to give ous 


OCH) 0 HO Ho 
cry 
’ oe 
CH3 
OMs 
32 i) 37a 38 


B = adenin-9-yl 


Scheme IX 


In 1966 the syntheses of two more epoxides in the 
adenine nucleoside series were reported (57). The 
preparation of 9-(2,3-anhydro-5-deoxy-8-D-lyxo- 
furanosyl)adenine (43) was attempted starting from 9- 
(5-deoxy-8-D-xylofuranosyl) adenine (39). Treatment 
Of 39, WLEN- ia Slight, excess of, p-toluenesulfony) 
chloride gave a monotosylate which was readily con- 
verted to a crystalline epoxide 41 by treatment with 
sodium methoxide at reflux. On Ketan en well as on 
electronic, grounds it was reasonable to expect that 


the crystalline tosylate was 42. It was, however, 
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shown to be 40. When 39 was treated with 2 moles of 
sodium hydride followed by a slight molar excess of p- 
toluenesulfonyl chloride, the desired deoxy-lyxoepoxide 
43 was obtained in good yield following treatment by 


base. 


B = adenin-9-yl 


Scheme X 


More recently Moffatt and co-workers (58) published 
an alternative route to 9=(2,3-anhydro-$—D-ribos; 
furanosyl) adenine (31). This route makes use of the 
"abnormal reaction" of a-acetoxyisobutyryl halides with 
cis diols. This reaction was discovered by Mattocks (59) 
during studies on the chemistry of pyrazolidine alkaloids. 


When the 1,4 diol 44 reacted with 2-acetoxy-2-methyl- 
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butanoyl chloride (45) the unexpected products of the 


reaction were the chloroesters 46a and 46b. 
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Scheme XI 


Mattocks also showed that the acetoxyacyl chloride 45 


reacts abnormally with 1,2 and 1,3 diols to form chloro- 
acetates. 

The potential of such a reaction was recognized by 
Moffatt (59a) and in 1973 Robins and co-workers (60) re- 
ported its application to nucleoside antibiotics. They 
found that treatment of tubercidin (19) with o-acetoxy- 
isobutyryl chloride (47) in the presence of excess sodium 
iodide in acetonitrile gave an excellent yield of 4- 
amaino-7—\(2=O-acetyl—5—O- [2,,5,5-trimethyl-1, 3-diexolan-4 
on- 2-y1] -3-iodo-3-deoxy-8-D-xylofuranosy1) pyrrolo [2,3- 


djpyrimidine (51). 


a 


‘ ays gt yak apne soe ni oe ae 


——) — ‘ - ae ja i” 
ros — vee 
.? # “ere ~ > oa bo ft 
— -_ sa Ra 
j by’ es 
~ i? ‘ j © 
ies Fe ay) 
) ca’ 
, 28 23 ry 
atts i oes ' 
RHO a 
ri 
y amance 
- 
a 
t 


J : ; J i i 3 ; 4 , ; : m 
“i bot ehdoed cae ine IOWA Hs ave cade et, 
: a. 7 -! Se 
—o {OR enanyie Hs Brak, eis ad eTRS |, int bamcitnieey 


; 2 Ae a 
vets’ votes spheababial d iida:ie ol ha ie bs 
os ; 
a meres As, “4 Be bei atbs> sage >: ty Brit ‘7hges hor Lae ks 
oa" 3 [ ’ ; j : 1) OS 
| ce =i atl 
mathe ORs 10 Tone se SbF Pee lhe) se epo ids ie 


“30 Dieiy aneiierniaxe vp aver ol: os lrakotaend ee 
re } % : Ss r ee ) 


b~salonogee( . i- (vy iizens Sac SiS}-O-? *tyteee hs 
: ; , 2 : “JB : ‘ 


~t Ribera vesdesrel yas 4-yrcahi bAytee Acad 


- : ¢ Cort - F 
\ ‘ ~ : ex” ‘ 
= itn - it bo gant et 
i j 7 ~~ » i at 
" o = . . 4 
ji : Fi i 7 7 f 
« i : x 
‘i oF 
iv 
7 “ 
: I as 
a ba % 
x 
4 * a 
al 
4 


Oi 


~ ~ 
I rc Mm 
a Oro. On 
Se WN ee 
o-~U oO 
Isa EY 
- ra) U—O 
Cae 
= 
N 
Oo 
ag 
= | 
Oo 
[og 
(oa) 
at 
(e) 
fe) E 
~N 
ce) 
= ai 
a6 
{ 4 
” 
onc VS 
—U~NL 
‘ Ny = © 
1 ~ 
U—O s 


e) 
” Oo 
ol 
ie) 
~ 
st A 
MM mM 4 
f x r 1 
as 7 , 
co {e) oO) 
Ons NS 
Y 
fe) aS 
: = Oo Sie 
z Sa 2) co Ss) nN 
<4 AE 
: 7 
O cq ral 
wh 
= - a 
co 
Oo 
wen 5 
~ 
. 
Oo mM 
s ae oe eer & 
gs) 6-9-5 | 
ite) 
rs) 
(e- ~o ° m 
3 2 NN £ 
NX xr fe) +O-vU Q 
: a pr Bl 
% es ~ © 
aE es 
i fe) 
v U as Za aaa 
wz 


Scheme XII 


The proposed mechanism (60) is outlined in scheme 
Aree r the useful, intermediate Sl *provided easy access to 
3'-deoxytubercidin upon hydrogenolysis and saponifi- 
cation. The same reaction was applied to formycin (20) 
to give 3'-deoxyformycin and 2'-deoxyformycin in an 
approximate" ratio of 3:2. 

Moffatt and co-workers (58) have explored the same 
Meacelonewitt adenosine (1). treatment Of 1 with an 
Excess FOr 0-acetoxyisobutyry?) chloride (47) in acetonitrile 
at 80° gave predominantly a mixture of the diastero- 


isomers 52. 
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Treatment of the crude reaction product with hydrogen 
chloride rapidly removed the 5'-substituent and led to 
Ehbe; 2£0l ation. of 9-(2-O0-acety1—3-—chioro-3=deoxy~p-D- 
xylofuranosyl) adenine (55) in 60% yield.- 'More pro- 
longed treatment with methanolic hydrochloric acid 

Gave, 9=(3-chloro—3-deoxy-B-D-xy lofuranosyl) adenine (56). 
Treatment of the crude reaction product (52) with 
methanolic sodium methoxide gave the epoxide 31 in 67% 
yield after an elaborate process which involved two 
crystallizations, repeated ei rections and preparative 
thin layer chromatography using multi-development. 
Direct crystallization of the crude reaction product’ (52) 
gave a homogenous compound in 20% yield which was shown 
tonbe sausangle diastercorsomer Of 52. elreatment) of the 
mother liquors from crystallization of 52 with 10% 
methanolic ammonium hydroxide permitted the isolation, 
in 7% yield, of a minor compound identified as 9-(2- 
chloro-2-deoxy-§-D-arabinofuranosyl1) adenine (54). These 
authors (58) noted a striking difference between the 
two chloro compounds 54 and 56. Although sodium meth- 
oxide at 0° efficiently SESE the 3'-chloronucleoside 
56 to the epoxide 31, the 2'-chloro-isomer 54 is inert 
under these conditions. The reaction of the acyl bromide 
47b with adenosine (1) was also studied and found to be 
similar to that of the acyl chloride 47. 


The same group (61) have extended their study of 
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acyl halides 47 and 47b to tubercidin (19) and formycin 
(20) NW itReactiion ‘Of sesh with 47 liv acetonicrile, at 37° 


during Sshours: gave (the untermediate 57, in) high yield. 


Scheme XIV 


incontrast yto thes reaction swith) adenosine,i(1) ,iaio0 (2.\- 
ehloro i1s0mer of 57 was detected. The analogous. reaction 
using a-acetoxyisobutyryl bromide (47b) gave identical 
results. The epoxide 58 was formed in good yield by 
treatment with sodium methoxide at room temperature and 
could be obtained pure by preparative thin layer chroma- 


tography. 
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e; EPOXIDES AS STARTING MATERIALS IN CARBOHYDRATE AND 

NUCLEOSIDE CHEMISTRY 

The synthetic utility of the above nucleoside 
epoxides has been amply demonstrated. Ring opening of 
Siogiwith: ‘sodium vethylmercaptide gave 9-[3-deoxy-3= 
(ethylthio)-8-D-xylofuranosyl]adenine (59) in 66% yield 
(24), which could be desulfurized (62) to 3'-deoxy- 
adenosine: (16) “(shown )(63)', in) 1964, to be the ‘antibiotic, 
cordycepin). 

2'-Deoxyadenosine (oyeawas “also, preparedmn(55)° start= 
ingLrony5o.1) Treatment iof “the tatter intermediate; wath 
thionyl chloride at room temperature gave 9-[3-chloro- 
2,3-dideoxy-2- (ethylthio) -8-D-arabinofuranosy1] adenine 
(60) in high yield, the rearrangement of the ethylthio 


group occurred presumably via the episulfonium ion 6l. 
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Scheme XV 
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Treatment of 60 with sodium acetate and subsequent 
desulfurization) of the mesulting arabino-S-ethyl. product 
gave 2'-deoxyadenosine (5). 

Treatment of 60 with sodium azide gave the 3 mazido 
derivative Oo which wasvdesulfurized: (62))to give 3" = 
Brice caved cadeee co cedoed dey Similarly, treatment (64) 
of 60 with potassium thiocyanate gave 64 which was 
desulfurized to give 2',3'-dideoxyadenosine. Baker (65) 
also used the ~lyxoepoxide 38 injithe first synthesis of 
9-g-D-arabinofuranosyladenine (17). Treatment, of 38 with 
sodium benzoate or sodium acetate in 95% aqueous N;N- 
dimethyl formamide (DMF) effectively displaced the 
epoxide oxygen in good yield to give a crude product 
from which the desired arabinoside 17 could be isolated. 
A number of similar reactions have been carried out on 
thes 5 ‘=sdeéoxy icounterparts 41 and 43." For instance, the 
>'-deoxy analog of 17, 9-(5-deoxy=B-D-arabinofuranosy1) = 
adenine was obtained in reasonabie yield from a reaction 
similar to the one just described. 

Examples of products possessing trans 2',3' groups 
have been given thus far as illustrations of the use of 
nucleoside epoxides. However, epoxides can also me 
used for the synthesis of compounds with cis 2',3' groups 
by employing a further neighboring group participation. 
Baker et al. demonstrated such a sequence (66) in their 


synthesis of the aminonucleoside 18 from the antibiotic 
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puromycin. Opening of 38awith ammonia gave 65 which 
was transformed into the 2'-O-methanesulfonyl compound 
66 by a series of steps. Reaction of 66 with sodium 
acetate occurred by intramolecular attack of the N- 
acetyl oxygen on the trans sulfonate ester to give the 
cis Meo eeec ante alcohol 68 via the rapidly hydrolyzed 


oxazoline 67. 
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| CH, 
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B = N,N-dimethyl-2- 
a. AcNH OH 
methylthioadenin- 
68 
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’ Scheme XVI 


An example of the conversion of a trans-2',3'- 
diol to a cis-2',3'-diol was also given by Goodman and 
co-workers (67). The 2'-O- (methanesulfonyl) nucleoside 
37a, obtainable from 9-8-D-xylofuranosyladenine (23h), 
was benzoylated and then treated with sodium fluoride 


in N,N-dimethylformamide. (DMF). A mixture was obtained 


which contained mainly the lyxoside 71 as well as some 
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arabinoside 17 and xyloside 23b, presumably via tche 


benzoxonium ion 70. 
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B = adenin-9-yl 


B'= N,N-dibenzoyladenin-9-yl or n° -benzoyladenin-9-yl 


Scheme XVII 


It is important to note that attack of the nucleo- 
phile on the epoxide ping. occurred mainly at these—3" 
position in the syntheses which have been discussed. In 
an early attempt to obtain 2'-deoxynucleosides, Davoll 
et al. (54) treated epoxide 28 with ethylmercaptide. 
Unfortunately, attack occurred almost exclusively at the 
3'-position. Further examples of this phenomenon in- 


dicated that attack at C-3' by nucleophile is predominant 
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£or, the riboepoxide *31,:\the ,lyxoepoxide 38, and their 
5'-deoxy analogs 41 and 43. In 1967 Goodman and co- 
workers published (68) a study of this phenomenon in the 
5'=deoxy series. They found that when 43 was treated 
with sodium benzoate in wet N,N-dimethylformamide (DMF) 
aemixture of 9-(5-deoxy-8-D-xylofuranosyl) adenine (39) 
and 9- (5-deoxy-8-D-arabinofuranosy1) adenine (72) was 


Obtained in the ratio of 1:2. 


RCH? 6 

‘@) 
38 R= H 
43 R= 


Scheme XVIII 


Treatment of 43 with sodium benzylmercaptide in 
methanol gave a mixture of the 3'-S-benzylnucleoside 73 
and 2'-S-benzylnucleoside 74 in a ratio of almost 1:1. 
Treatment of 43 with sodium azide in 2-methoxyethanol 
gave the 3'-azido nucleoside 75 and its) 2¥e tsomer 76 


in the ratio of 3:1. However, the total yield was only 
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52%. Treatment of 41 with sodium benzoate gave no 
isolable product, a result which will be discussed later. 
On the other hand, treatment of 41 with sodium azide 

in 2-methoxyethanol gave a mixture of azides shown to 

be the 3'-azido 77 and the 2'-azido 78 isomers in a 

Patio of ,.4 31. Appreciable decomposition of the starting 


material was once again noticed and the yield was only 


19%. 
RCH2 9 
ee a Xx 
fe) 
dleéRic ate pus di 
79 Taborad 


| 


B = adenin-9-yl 


Scheme XIX 


Treatment of 41 with sodium benzylmercaptide in methanol 
gavea yield of, 94% of the,.3)-S-benzylnucleoside, 79; 
No. traces of the isomeric 2'-S-benzyinuecleosidescould 
be detected. 

These results were given the following tentative 
explanation, by the authors (68). First, the difference 
in position of opening of 43 compared to 41 was 


ascribed primarily to steric effects. Thus, sodium 
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benzylmercaptide attacks exclusively at the Cao 
POsteron Or 4) because ther 2 position ‘is-'sterically 

aie veirianie to’ this large: nucieopnile., Incontrast, 

the small azide nucleophile can attack at the C-2} 
position of 41 although the major site of attack remains 
C-3". the ‘lyxcepoxide’ 43 “always ‘gives ‘a mixture Of 

C-3" substitution and C-2' substitution regardless of 
the nucleophile. To explain the different ratios of 
opening, the authors postulated that the more powerful 
the nucleophile is, the less selective it becomes. 

The authors then tried to rationalize the differences 
= selectivity in-attack” of nucleophiles ‘on 43 and38. 
Sodium benzoate reacted with 38 to give almost exclusive 
attack) at C=3" (65). Attack of sodium benzylmercaptide 
gave a 521 ratic.of C-3' to G22" products. Finally, 
sodium azide with 38 gave a mixture°of 3"-substituted 
product to 2"-substituted product.in thewratio*of 15:1. 
These differences, according to the authors, could be 
rationalized “by postulating that the greater electro= 
negativity of the 5-hydroxyl group in’ 38 «compared to the 
hydrogen in 43 makes the C-3' more electron deficient 
relative to C-2' and thus more susceptible to AuCLeopmmiyss 


attack. 
In 1959 a review article concerning the mechanism 
of epoxide opening reactions was published by Parker 


and Isaacs (69). Some of the conclusions of this review 
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are very interesting in relation to the publications 
just described and will be summarized here. First, there 
1s very little doubt that the vast majority of ring 
opening reactions of epoxides take place by ionic mech- 
anisms. The bond which is broken is the highly polar 
carbon-oxygen bond which would be expected to break 
ionically and the reactions are generally carried out 

in polar solvents. When the epoxide is unsymmetrically 
substituted, two products are clearly possible. All the 
known examples indicate that under basic or neutral 
conditions the major product, if not the only isolated 
one, is the so-called "normal" isomer (corresponding to 


attack on the least substituted carbon). 


: e 
R-ci—tu, + HA R-CH-CHoA =- R-CH-CH,OH 
“normais. "abnormal" 


This, aS well as the stereochemistry of the ring opening, 
provide strong evidence for an Sy27 like attack of a 
reagent molecule or ion on the epoxide ring carbon atom, 


involving a transition state of the type: 
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Such reactions are well known to be sensitive to steric 
hindrance and, provided the group R has no very marked 
polar or conjugative effect, the "normal" isomer will be 
formed for steric reasons. 

This would obviously apply to the case of the ribo- 


epoxides such as 31 or 41 where attack at C-2' is 


sterically disfavoured, but would not explain the results 


in the lyxoepoxide series where attack at either side 
is sterically equivalent. 

Clearly, another effect is at work here, the elec- 
tronic effect. Numerous examples indicate that if an 
electron withdrawing substituent is present it inhibits 
reaction at the carbon atom to which it is attached 
Since, in a bimolecular reaction, the presence of an 
electron withdrawing substituent facilitates the 
approach of the nucleophilic reagent but inhibits bond 
breaking to the leaving group, it seems likely that the 
reaction by which the epoxides open is a modified Sue 
reaction in which bond breaking is more important than 
bond making. It is reasonable in this case to suppose 
that the carbon atom under attack carries a fractional 
positive charge. 

The 2',3'-epoxides of nucleosides are good examples 
Of this situation. In the Jyxo series astwell as in 
the ribo series the anomeric carbon (which is attached 


to one oxygen atom and one nitrogen atom) is much more 
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electron-attracting,thaniCr4t,and consegquentlyyattack 
would be expected) to take place at C-3'. In the ribo 
series, the steric effect and the electronic effect 

are cumulative and this explains why 2'-attack should 
be minimal. This is not always evident in the examples 
reported by Goodman (68). Sodium azide opening of 41 
Gavyepaevatio of .C-3' -toeG=2heattack of 4:1. However, 
the total isolated yield was only 19% (68) and, as 


Parker and Isaacs point out (69), conclusions must be 


drawn with caution when low yield reactions or isolations 


are considered. 

Inv the  lyxo series; since the) steric effect cannot 
be of significant importance, the electronic factor 
must be determining the site of attack and all examples 
show the major product resulting from attack at C-3' 
as would be expected. One explanation offered to 
rationalize the different. ratio of opening of 38 and 
43 was that the increased electronegativity of the C-5' 
in 38 would make, the C-3" more electron deficient and 
therefore more prone to attack (68). This explanation 
seems questionable since it is in direct contradiction 
to all the known examples reviewed (69). 

It is well established (69) that under acidic 
conditions there is a marked tendency towards the for- 
mationwo£ “abnormal” prodiicts. This)..as well as other 


experimental results, has been rationalized by Parker 
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and Isaacs by evoking a mechanism of the SN. type in 
which the reagent is further away from the seat of attack 
and the driving force for the reaction is provided more 
by transfer of electrons from carbon to oxygen than 

from reagent to carbon. Such a mechanism referred to 
sometimes as “borderline SN," must have a transition 


state of the kind depicted below: 


Under acidic conditions (or conditions in which the 
oxygen is complexed), nucleoside or sugar epoxides 
would be expected to open even more predominantly at the 
CH3 5) (OL C—3) 7 position: 

Good models for examination of the importance of 
the electronic effect versus the steric effect are 


provided by the following anhydrosugars: 


HOCH, 9 HOCH, 
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Methyl 2,3-anhydro-8-D-lyxofuranoside (80) prepared 
by Baker et al. (70), should have the least steric 
effect and its opening by sodium benzyl-mercaptide 
provided the first example (71) of ring opening Of a 


2,3-anhydrofuranoside which occurs predominantly at CaZr 


ROTH? eee O Me Meek Me 
eee HO ay H 
x x 
80. Rie 84 X = SCH,$, R= H 85 X = SCH5O, 
Bo RAC 89) KS SSCN eRe =H R=H 
Se alee mete Cae SC 20) Xx t=" SCN, 
R= H 


Scheme XX 


The ratio of 85 to 84 was 6:4. A chemical proof of 
Structure for 84 and 85 was obtained by desulfurization 
with Raney nickel followed by acetylation. The nmr 
Spectra of the products obtained were in agreement with 
the given assignments. Another example was opening 

of the epoxide ring of 86 with magnesium bromide. 
Heretalso according ‘to the vauthers- (72) -the ring 
opening eccurred predominantly tat "C-2 7" "The “structures 
were tentatively given as 87 and 88 and a 1:2 ratio 

Of. 487 “to 88 was reported. These cases are exceptional, 


however, and more often attack at C-3 is predominant. 
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For instance, when SCN was used as the nucleophile the 
Ratio of .39 ~co 190i was 47: 34(73)-. 

in the .ease of methyl 2,3-anhydro-a=D-lyxofuranoside 
(8i).e(70),; attack at C-3 remains sterically unhindered 
butseattack sat C-2 18 now -adjacent. to thecis.C-L 
substituent. The effect is dramatic. Ring opening 


with sodium benzylmercaptide gave methyl 35S-benzyl-3= 


thio-3-deoxy-a-D-arabinoside (91) exclusively (74). 


Sa anIaEEEEEEEEEERRREEael H 
OMe ome 
81 R=H 91 R= H, X = SCH. ¢ 
94 R= Ac ea Re OCH, + X = 
22) R= oCH. Ce aCe 


Scheme XXI 


Also when 92 was treated with KHF, (75) conly «93» ythe 
product resulting from C-3 attack, was detected in the 
major components of the reaction mixture. When the 
5-O-acetyl derivative 94 was reacted with magnesium 
bromide only the 3-bromo-3-deoxy-arabinoside 95 was 
detected (72). That the C-3 opening is the rule was 

also confirmed when ammonia (NH, ) was used as the nucleo- 


phile (70) (76). Only one case where significant C-2 
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attack was noticed has been reported (77). The a 0= 
methyl derivative of 81 was treated with sodium methoxide 
and ai 23 kerratio "OL C-3 opening to C-2 opening was 
reportedly formed. It may seem strange that steric 
hindrance due to the methoxyl group at C-1 would be 
sufficient to ae such a change in the direction of 
ring opening. An alternative, or complementary explana- 
tion was suggested by Reist and Holton (78). The lone 
pairs of the anomeric oxygen atom could create an 
electronic repulsion of the approaching nucleophile 

and result in a Significant increase of the energy of 
the transition state for C-2 substitution. 

Methyl 2,3-anhydro a=D-ribofuranoside ,(82), pre- 
pared by Schaub et al. (73), contains reversed steric 
constraints when compared to 81. Attack at C-2 is now 
free of steric hindrance whereas C-3 attack is hindered 
by the hydroxymethyl (C-5) substituent. Therefore 
increased ratios of C-2 to C-3 opening are expected and 
this is indeed the case. Treatment of the derivative 
82a with magnesium bromide afforded a mixture of the 


xylo 96 to arabino 97 derivatives invaeratiotomee:5s (78). 
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RCH) RCH2 RCH? og 
—_> \ Xx ++ x 
OMe OMe Me 
” OH HO 
82 R =.0H 96) SR ="ONe x = Be 97 “R= OAC, X = Br 
82a -R = OAC DO Re OCH,$, X= F 100 R= OCH, 9%, 
101 R = OTs 104 R=X=4H X = F 
98 R= OCH, ¢ DOS BRS OU = NH 102 Rea X= SCH ¢ 
106 R=4H Oe Bin 2 Se 103 Ru= = 
108 R= H, X = NH, 
SOE Oe ta NH 


Scheme XXII 


It was also found (79) that, with KHF., 98 gave a 
40zeyield-of; the, 2-fluoro derivative 100, but only 
small amounts of the isomeric 3-fluoro product 99 were 
detected. Even more striking, when sodium methoxide 
was the nucleophile, attack on 82 was exclusively at 
C-2 (79a). This result was confirmed recently by 
Montgomery (79b) who indicated that no chromatographic 
Or pmr evidence for the formation Of the =s-O-methy. 
xylo isomer was found. The 5-O-p-toluenesulfonyl 
derivative 101 was treated with sodium benzyl-mercaptide, 
and only the di S-benzyl arabinoside 102 was formed in 
very good yield (80). Reduction of 101 with lithium 
aluminium hydride (80) gave a ratio of 103 and 104 of 


§:1% In all these cases, the product. of C-2 attack is 
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predominant. However, some early results appeared to 
contradict this. |Baker (81) ’reported that reaction of 
ammonium hydroxide with 82 gave methyl-3-amino-3-deoxy- 
a-D-xylofuranoside (105). Similarly Kuzuhara and Emoto 
(82) treated methyl -2,3-anhydro-5-deoxy-a-D-ribofurano- 
Side (106) with setanbs and reportedly obtained a single 
product which they “assigned “structure 107. \They later 
reinvestigated (83) the eine tiie of their product by 
chemical degradation and changed their structure assign- 
ment to. jb08 | These’ conflicting ‘results! were'clarified 
when Montgomery et al. (84) reinvestigated these 
reactions. It was found (84) that 82 gave a mixture 

of L0SWands the 2°stsomer 109 in thepnetio of 11.5 
under Baker's condition. Similarly, when 106 was treated 
with ammonium hydroxide according to the conditions 
reported by Kuzuhara and Emoto (82), a 1:1 mixture of 
107 and 108 was obtained. Interestingly, ring opening 
of the episulfonium ion 110 with sodium azide gave a 7:3 


mixture of the arabinoside 111 and the xyloside 112 


(74). 
MsOCH, NaCH2 5 mieeo 
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Scheme XXIII 
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In Methyl 2,3-anhydro-g8-D-ribofuranoside (83), (81) 
the” l-O-methyimand C=5 groups) are trans to the oxirane 
ring. The steric effect’ of the two groups might be 
expected to be somewhat comparable. fThus, the direction 
of cleavage of the epoxide ring would be expected to be 
controlled Oe ee yt electronic effects. In harmony 
with this prediction, exclusive or predominant 3- 
substitution is observed and no exception to this trend 
has been, “ceported. Por instance, the 5-O-benzyl 


derivative 113 when treated with KHF, gave only the 


3-fluoro derivative 114 (85). 


ROCH2 a Me ROCH) 9 Me 
a Xx 
; OH 
§3 R= H DTe 7 R=) Chg eX =F 
d3 R= Cho 116 R = Ac, X = Br 
115 R = Ac 117 R = H, X = SCH,¢ 


Scheme XXIV 


Similarly treatment (78) of 115 with magnesium bromide 
gave only the 3-bromo compound 116. When 83 was treated 
with sodium benzylmercaptide (86) mainly one compound 
was obtained which was shown to be 117. Even with the 


bulky triphenylmethyl ether group at C-5, ring opening 
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at C-3 with the same nucleophile was observed. 

Very clearly the problem of explaining the nucleo- 
philic opening ratios for all the epoxide series reported 
is extremely complex. In the anhydro sugar series 
where the greater number of examples is to be found, 
the problem is further complicated by technical 
difficulties such as separation and crystallization. [In 
the purine anhydronucleoside series, the data at hand 
is insufficient to draw meaningful conclusions. For 
instance, in the purine eipOgepoxide series, only a 
very limited number of successful epoxide opening 
‘reactions have been reported. Even in evaluating the 
reported examples, conclusions are sometimes tenuous 
for two reasons. The reported yields are sometimes 
low. The presence of the minor isomer is often 
ignored if the major product is obtained directly, for 
instance by crystallization. The work described in 
this dissertation, in addition to making new nucleo- 
Side structures available for previously mentioned 
studies, provides more examples of epoxide ring opening, 


especially in the ribo series. The systematic use of 


a reliable, sensitive, and accurate method of detaction 
of He possible isomers, the useful Dekker Column 
(Dowex 1-X2 (OH ) resin with selective anion exchange 
using aqueous alcohol as eluant) (87) has permitted 


the generation of precise yield-ratio data. 
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A. FORMATION OF ADENOSINE EPOXIDES AND SELECTED 


SYNTHETIC TRANSFORMATIONS. 


The syntheses described in this section derived 
from a reaction which has been developed by Robins and 
co-qworkers. (it: was round, (Ss8)that when 2°,3°-O- 
methoxyethylideneadenosine UES)» prepared’ in near 
quantitative yield by a modification of the procedure 
reported by Reese (89, 90), was treated with excess 
Pivalic acid chloride in refluxing pyridine a mixture 
composed primarily of 6-N=pivalamido-9-(3-chloro-3- 
deoxy-2-O0-acety1]-—5-O-pivalyl—g—D-xylofuranosyl) purine 
(119) and 6-N-pi vyalamaedo=9- (3-chloro-3-deoxy-5-O-pivalyl 
2-O-[4,4-dimethyl-3-pivaloxypent—2-enoyl]-8-D-xylo= 


furanosyl) purine (120) was obtained in high yield. 
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B'= w°-pivalyl-adenin-9-yl 
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Treatment of the crude mixture with methanolic sodium 
methoxide at room temperature gave 9-(2,3-anhydro-g-D- 
ribofuranosyl)adenine (31). It was shown (91) that 31, 
obtained by column chromatography on Biqdics gel, was 
contaminated with small amounts of 9-(2-chloro-2~-deoxy-p- 
D-arabinofuranosyl) adenine (od ye it seemed "strange; ~at 
Pipst, what Leicher2’=chilorovarabino isomers of° 119° and 


120 were formed in the reaction mixture they would not 


be deblocked to 54 and subsequently converted to the 


epoxide.31. 
—— a 2 
H o/ H 
54 34 56 


B = adenin-9-yl 


Scheme XXVI 


Invorder to verify this point, the crude reaction mix- 
ture was treated with methanolic ammonia and the chloro 
isomers 54 and 56 were isolated pure in a ratio of 
approximately 12 to 1. When 56 was treated with sodium 
methoxide (2%) in MeOH at room temperature the epoxide 
31 was formed quantitatively within a few hours. On 


the other hand 54, under the same conditions, gave 31 
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weryaslowly oy Aftersa week| traces;of) 54 wereystill 
detectable by thin layer chromatography. This observa- 
tion has been corroborated by Moffatt and co-workers (58) 
who observed the same reluctance of 54 to undergo 
cyclization. This shows that intramolecular nucleo- 
phigici displacementaat thexC-2tsposition) is,difficult, 
compared) .tojther same, reactionvats the C-3", a fact) that 
correlates well with the known difficulty (53) of 
performing intermolecular nucleophilic displacements 
atiithne G>2)', of tadenosinesderivatives.): However, Bi 
could be separated from 54 using rapid column chroma- 
tography on Dowex 1-X2 (OH ) and was obtained pure in 
G2e Over alieyielduftrom A aeiAnealternativerprocedure, 
more yconvenient) for largeruseale reactions; .was also 
developed which involves selective precipitation of 31 
(see Experimental Section). 

Epoxide 31, which has been prepared from adenosine 
(i) inbys ‘alerecentlyireported different: procedure «(58 )a, 
had properties generally consistent with recorded values 
(Qa 77557) eb hiada Les melting-decomposition range depends 
on the rate of heating and its aA nmr spectrum has 
Ty1_51 and Tar_gs =) Oee( 59) 0) An interesting point ‘con= 
oops eleper Se asiits optical activity. Baker and 
co-workers reported [a] 2° =18.3°6(c 0. 654 20%. aqueous 
pyridine) for a solid which had "Several spots as 


contaminants" (55). They recorded [a1 °° Ld Ora Kcn0. ay 
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20% aqueous pyridine) and [a] 2° 2 5ea\) (CMO a3 oi, H50) hile pe: 
an analytical sample [see footnote 1l in ref (55)]. 


Moffat and co-workers (58) report [al*? 


P21 8° 0.2), 
HO) and quoted the Cal, -18.3° value, with no con- 
centration nor solvent specified, from ref (55). A 
carefully purified anid dried sample of 31, which had no 
observable impurities when applied heavily to a tlc 
plate, had [al4* -35.4° (c 0.22, Hy0) and -20.4° (c 0.4, 
20% aqueous pyridine) in close agreement with Baker's 
values (55). It was noted (91) that 31 was slowly 


decomposing upon standing in H,O and that the normal 


2 
ultra-violet absorption at 260 nm was decreasing with con- 
comitant appearance of a new peak with a maximum at 
“293 nm. This decomposition was greatly accelerated by 
heating. This may be correlated with the observation 
of Goodman and co-workers (57, 68) who noted the forma- 
tion of water soluble products in reactions of adenine 
nucleosides involving 2" ,.3'-xibo-epoxides (5,68) and 
episulfonium (92) intermediates. They postulated N2+3'- 
cyclonucleoside structures analogous to a on the basis 
of salt like properties and a bathochromic shift to 293 nm 
in the uv absorption maximum. | 

It should be noted, however, that the shift observed 
in going from the nucleoside (260 nm) to the postulated 
n3+3'-cyclonucleoside aul SJ, 87 92) (%293 nm) is 33 nm, 


whereas’ a shift of about 12 nm to 272 nm is ordinarily 
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found with known n2+5'-cyclonucleosides G15) “eat he uv 
maxima of the postulated N?+3'-cyclonucleosides at 1293 
nm is in reasonable agreement (92a) with that of a 
N2+5'-cyclonucleoside in the puromycin aminonucleoside 
Series (288 nm). However, the 6-N,N-dimethylamino- 
purine nucleoside precursor in that case (92a) had its 
uv maximum at 275 nm, which again corresponds to a 13-nm 
shift. 1) Uv ‘absorption in the 280-290 nm range has been 
reported for 5-aminoimidazole-4-carboxamidine (92b). 
That the same phenomenom was, taking place in this 
case was indicated by the isolation of d, a highly 
dextrorotatory product with uv maximum 293 nm, (and e 
obtained by treatment of d with base) and) its complete 
characterization including a single crystal x-ray 
analysis (9l)se -Thentormation of ducan’ be: rationalized 
as follows (Scheme XXVII). Initial attack on the C-3 
of the epoxide ring by the unshared electron pair of 
n? with concomitant proton abstraction by the oxygen 
anion would lead to a. Attack of water on the positively 


polarized C-2 of the N° 


+3’ —cyclonucleoside jai wouldygive 
the covalently hydrated species b which would give the 
N°-formyl derivative c by ring opening. Hydrolysis of 
the latter c would lead to d. Treatment of d with hot 
aqueous sodium hydroxide would hydrolyze the amidine 


Eunction- tougivere. 


Attempts to open the epoxide ring of 31 with sodium 
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benzoate in wet DMF gave poor yields of the desired 
compound, 23b, because of preponderant formation of d 
(57). Owing to the instability observed with 31, adenine 
_ring-acetylated derivatives were prepared. Janno 3p 
has reported that such N-acylated adenosine 5'-tosylates 
were effective substrates for nucleophilic displacement 
reactions whereas the unprotected nucleoside readily 
forms N°+5'-cyclonucleoside under those conditions. 
treatment, of Sliwith’ pivalicrvacid chloride in pyridine 
at (room temperature (gave /O-N=pivalamido-9- (5-O-pivalyl- 
2,3-anhydro-f-D-ribofuranosyl)purine (121) in essentially 
quantitative yield. Benzoylation similarly afforded an 
N,N,O?-tribenzoyl derivative, (122.' Bis-N-benzoylation 
has usually been assigned, nt we-dibenzoyl structures 
(94) after the suggestion of Khorana (94a); however, the 
n° ,n°-dibenzoyl isomer was postulated recently (95). 
Treatmenteor either. 12hor Za with tetracthy1l— 


ammonium fluoride in dry acetonitrile at reflux for an 


extended period effected epoxide ring opening by fluoride. 


After deblocking and purification on a Dekker column 
(87), 9-(3-f£luoro-3-deoxy-8-D-xylofuranosyl)adenine (123) 
was obtained in over 60% yield. Physical properties 

of 123 were generally in agreement with values reported 
(85) for a sample prepared by coupling of 2,5-di-O- 
benzoy1-3-fluoro-3-deoxy-a,8-D-xylofuranosyl bromide and 


6-benzamidopurine mercury salt (14). No 2'-fluoro 
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MSOMewwsN I) was “Observed Hn Our “sequence, of 22)>) 123, 
although a small amount of 9-8-D-xylofuranosyladenine 
(23b) was formed. 

Sodium benzoate in hot DMF containing some water 
(65) converted 122 into a presumed mixture of mono and 
di-N-benzoylated 9-(3,5-di-O-benzoy1-g-D-xylofuranosy1) - 
adenine intermediates which were deblocked to give 
excellent yields of 9-8-D-xylofuranosyladenine (23b) 
after Dowex 1-x2 (OH ) chromatography using MeOH:H,O as 
eluant. Further hic using higher concentrations of 
MeOH gave a small quantity of 9-g-D-arabinofuranosyl- 
adenine -(R/) = Aci dehydrolysirs of 23b”"and ‘paper 
chromatography (96) of the sugar versus the four aldo- 
pentoses showed only xylose present (91). The arabino 
product 17 was shown to be free from the isomeric 
23b by “paper ‘chromatography "and eléctrophoresis. “Over 
a number of runs the ratio “of -23b fto~l? varied between 
10:1 and 20:1. The separation of these two compounds 
using Dowex 1-X2 (OH ) presented no difficulty. It has 
been reported (67) that the hoe 1somers 23) and “17 
could only be separated incompletely using the same 
type “of column. To verify this point two “artificial 
mpcenpes of 23b and 17 with relative concentrations of 
11:1 and 1:11 were prepared and chromatographed using 
identical columns. In both cases the separation 


was clean and complete as shown by the uv absorption 
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profiles and the quantitative recovery. Previously 
recorded physical constants for 23b are rather ill 
defined (43, 44, 45, 47, 48). The tH nmr spectrum 
was in agreement with reported values (47, 97). The 
mass spectrum (see Table 1) agreed with the tabulation 
of McCloskey and co-workers (98). The melting point, 
~ 185° with decomposition, is dependent on how it is 
heated and previous values (43, 44, 45, 47, 48) differ. 
The [a]?° Oy cence 1A}, HO) ef>-2absi Sysigniticantly, 
more strongly an eee than recorded for other 
preparations (43, 47, 48). All of those, however, 
involved coupling procedures and anomer contamination 
was possible. This sequence of reactions represents 
the direct transformation of a naturally occurring 
ribonucleoside to its xylo epimer. 

Treatment,of 122 with sodium@azide in) hot DMF §(99)) 
followed by deblocking gave high yields of 9-(3-azido- 
3-deoxy-8-D-xylofuranosyl) adenine (124a). A trace of 
presumed 2'-azido isomer was separated by column chroma- 
tography (87) and its geecreurs was suggested by mass 
spectroscopy. This reaction could be performed on the 
unprotected epoxide 31 with identical results. Catalytic 
Hee awation Ofyl2dacto give 9-(s-amino=3—deoxy-6=D= 
xylofuranosyl)adenine (124b) proceeded smoothly. This 


product is seen to be the 3' epimer of n°_pis (desmethy1) - 


puromycin aminonucleoside. 
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It was noted by Goodman and co-workers (71, 68) that, 
“among the nucleophiles studied, sodium benzylmercaptide 
was giving the more C-2' attack (C-2 for the anhydro 
sugar) on 80 and 43 although for 41 no trace of the 2'- 
isomer was found. Treatment of 31 with sodium benzyl 
mercaptide (synthesized in situ) in refluxing methanol 
gave falmostcquantitativer yields “of 9=(3=S-benzyil=3=deoxy- 
p=Dexy Llofuranosyl)iadenines(l25) .6 Artracevof (the 2%- 
isomer, 9- (2-S-benzy1-2-deoxy-8-D-arabinofuranosyl1) adenine 
(126) was peters tea by column chromatography and 

its structure égtablished by mass spectroscopy (see table 
1) and nmr (Hi ated 86. Sep pemsi; see nmrsection).~ The 


ratio of 125 to 126 was approximately 12:1. 


16 128 


B = adenin-9-yl 
Scheme XXIX 
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dmaorderstotassess ythe utility .of 3lcasaaistarting 
Material for the synthesis of 2' or 3'-deoxy nucleosides 
the reaction of 31 with sodium borohydride was in- 
vestigated. , Reaction of 122 with: large Sedge of sodium 
borohydride in MeOH proceeded slowly at room temperature 
to give 9- (3-O-methy1-§-D-xylofuranosy1) adenine (127) 
abeersdeblocking.. Alternatively, heating 31..in/MeOH 
at reflux with sodium borohydride proceeded to give 
good yields (77%) of 127 without apparent cyclonucleo- 
side formation. An analogous reaction has been reported 
very recently (100) in the steroid series. No 2'- 
isomer was detected by chromatography, the only by- 
product being 3'-deoxyadenosine (16) formed in 8% 
yield. Interestingly, heating a methanolic sodium 
methoxide ,solution of )3l)atereflux gives but.a trace 
of product migrating “(tol.c.) with L27 plus material 
not moving from the origin. Inhibitory biological 
activity of 9-8-D-xylofuranosyladenine (23b) has been 
reported (48, 101, 102) and the investigation of O- 
methyl ethers of Becher cal ia) important nucleo- 
sides is of current interest (103). 

Treatment of 31 with excess sodium borohydride in 
98% EtOH at reflux gave fair yields of 3'-deoxyadenosine 
(16). Anion exchange chromatography revealed some 
cyclonucleoside formation and the presence of 9-(3-0- 


ethy1-3-deoxy-8-D-xylofuranosyl) adenine (128). This 
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sequence of reactions provides an easy access to the 

wellstudied “antibiotre: cordycepin’ (16) utilizing 

adenosine Gh) astarstanrting material... interestingly, 

when small amounts of sodium borohydride in 98% 

ethanol were used instead of the usual large excess, 

Ghe_reaction of"sl dante Ee ima Oerylelas |) Very. little 

éycltonucleoside* or 3 '-deoxyadenosine (16) were detected. 
Treatment of the crude product from reaction of 

122 with sodium benzoate-DMF with methanesul fonyl 

chloride in cold pyridine gave a monomesylate, which 

was converted to 9-(2,3-anhydro-§-D-lyxofuranosy1)- 

‘adenine (38) by methanolic sodium methoxide. 

Direct access to this useful (56, 104) lyxo -epoxide 

from adenosine (1) is thus provided. However, large 

scale preparation of 38 by “this route suffered from 

some drawbacks. Extended reaction times for the opening 

O£Pthe vepoxide ring of 122 with benzoate resulted in 

partial loss of the sugar benzoyl groups. This was 

presumably due to hydrolysis in the slightly alkaline 

moist medium at 100°. This phenomenom has been observed 

by Baker and co-workers (65) during work on the 

opening of the lyxoepoxide 38 with the same reagent under 

Similarconditions: ‘This loss of the’ (3"-O-benzoyl 

group resulted presumably in the formation of small 

quantities of a 2,3'-di-mesylate in the mesylation step 


which, upon treatment with methanolic sodium methoxide, 
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wegenerated’ some of the starting ribo-epoxide, 31..(54). 
Separation of 31 and the lyxo isomer 38 is difficult 

by silica gel chromatography and was impossible by the 
usual Dowex 1-X2 (OH ) procedure. An Sein teae route 
to 38 was devised by Baker and co-workers (56) start- 
ing from 9-8-D-xylofuranosyl adenine (23b) (see scheme 
IX). Their procedure was adapted as follows. The 
deblocked xylo product: 23b was transformed into 9- 
(3,5-OQ-isopropylidene-g-D-xylofuranosyl) adenine (32) 

in quantitative yield using 2,2-dimethoxypropane in 
acetone withsp-toluenesul fonic acid, as ai catalyst. 

(The original procedure (56) called for ethanesulfonic 
acidsinvacetone). wihe tsopropylidene derivative: 32: 
crystallized readily from 95% ethanol (in an ether 
containing desiccator) as a 1:1 solvate with ethanol 

as evidenced by its nmr spectrum and elemental analysis. 
Heating these crystals at 110° for a week under high 
vacuum resulted in only partial removal of the crystal- 
lization solvent. The same problem was encountered by 
other investigators (105). It is interesting to note 
that the nmr spectrum (DMSO-d_) of 32 showed the anomeric 
proton aS a Singlet whereas it is a doublet (Jy s_os = 

2 Hz) in the parent compound 23b. Mesylation of the 
C-2' hydroxyl group of 32 to give 37 was realized using 
methanesulfonyl chloride in pyridine at room temperature, 


the reaction being quantitative within minutes as in- 
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dicated by tlc. Removal of the isopropylidene group, 

to give 9-{2-O0O-—(methanesulfonyl) -8-D-xylofuranosy1)- 
adenine (37a), was reportedly effected with some 
puriccul ty. (56)_ using 90% acetic: acid dte00°s for»S:hr3 
Use of 90% trifluoroacetic acid (106) gave quantita- 

tive removal of Pewee cst ring at room temperature within 
minutes. Finally ring closure to 38 was realized by 
treatment of 37a with sodium methoxide in methanol (2%) 
at room temperature. A point of interest is the ease 

of cyclizations from Sia, toweei where) the leaving:group 

at whe, C=2.s position is theamesylogroup) (inithe. xylo 
configuration) whereas cyclization from 54 to 3l, 

where the leaving group is chlorine, occurred very slowly. 
The lyxo-epoxide. 38 was obtained as a pure white solid 
after Dowex 1-X2 (OH ) chromatography (57), no purifica- 
tion of intermediates was necessary when this final 
chromatography step was included in the procedure. 

It has been reported (56) that opening of the 
epoxide ring of 38 with sodium benzoate in wet DMF gives 
9-8-D-arabinofuranosyladenine (Lie anvo4enyield with 
only traces of the isomeric xylo compound 23b. When 38 
was treated with sodium benzoate in wet DMF (4% HO) 
at 100° for 5 hr and the crude reaction mixture placed 
on a Dowex 1-X2 (OH ) column, two products were obtained: 
9-g-D-arabinofuranosyladenine (17) 7, shown free of 25b 


by tlc, paper chromatography and electrophoresis, ina 
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yield of -81% and the isomeric 23b, shown pure by the 
same methods, in a yield of76.5%. The arabinoside 17 
had properties consistent with recorded values (56). 


Its melting point 265-266° was higher than the reported 


values (56, 107) and its [a]<° a2 Chee pyri dane) 
more levorotatory than reported (107). This route via 


tne lyxoepoxide 33 provides waccess to this important 
ancab1otic (108) -from*the naturally occurring ribo- 
nucleoside adenosine (Vi) 

Martinez et al have reported (104) the reactionvoft 
38 with sodium azide in 2-methoxyethanol and found that 
ene Yattonor the 3%-azido anpabino derivative 129a to 
(he 2'-azido xylo derivative l30a was 15:1.: Reduction 
with palladium on charcoal gave the corresponding amino 
derivatives 129b and 130b. 

In an analogous fashion 38 was opened with sodium 
azide wn DME to give 1294 in 63% yield and ‘Craces of 
the >2*=isomer, 130a, Reduction vob 1294 sto the 


corresponding 129b proceeded smoothly. 
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B = adenin-9-yl 


Scheme XXX 


Treatment of 38 with sodium borohydride in methanol 
at reflux gave excellent yields of the expected 9-(3- 
O-methy1-8-D-arabinofuranosyl) adenine (131). Column 
chromatography (87) permitted the separation of 9- 
(2-O-methy1-8-D-xylofuranosyl) adenine (132)5, easily 
identified by its mass spectrum, (see table 1 and mass 
spectrum discussion) and.its nmr spectrum. The ratio 


of 131 and 132 was approximately 8 to l. Interestingly, 
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the other by-product present in trace amounts was 
identified as 9-(2-deoxy-8-D-threo-pentofuranosyl) adenine 
(133). 

When 38 was treated with sodium hen aie in 
ethanol at reflux the major product, cbtained in 65% 
yield, was je nideeeie a as 9=(3-deoxy-g-D-threo-pento- 
furanosyl)adenine (134).°.It was possible to separate 
the 2ucisomeriis3yas wellvassaptrace of 9=(3-O-ethyl-p-D- 
arabinofuranosyl)adenine (134a) by Dowex chromatography. 
theveaclO OL 134 tolls 3 wasel 3 to). 

Here, as seen for the ribo-epoxide oi, there is 
‘competition between two types of nucleophiles: the 
hydride ion and the anion derived from the solvent. 

In the case of the lyxo-epoxide 38 the greater steric 
ease of attack at C-2' gives positional isomers also. 
The two deoxy isomers 133 and 134 have been synthesized 
by Goodman and co-workers (92) by an indirect route 

from the lyxo-epoxide 38. Opening of 38 with sodium 
benzyl-mercaptide gave two isomeric S-benzyl derivatives 
which were desulfurized with hydrogen and a nickel 
Sponge (Raney nickel) catalyst to give 134 and 133 in 
yields of 46% and 10% respectively. 

Reaction of 38 with KHF , in ethylene glycol was 
reported (109) tesgive only 9=(3-fluoro-3—deoxy-B-D= 
arabinofuranosyl) adenine (135) and it was of interest 


to investigate the behavior of 38 when treated with 
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tetraethylammonium fluoride in acetonitrile at reflux. 
Thin layer chromatography (t.l.c.) indicated disappear- 
ance of the starting material and appearance of two 

new products of almost identical Rp orice The two 
products were partially separated by silica gel chro- 
matography and Hivatee by mass spectrometry, to be the 
asomer1c 13>) and 136.) The firet compound, eluted from 
the column (136), was obtained pure and its structure 


confirmed by tH Lane eS a4 
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B. SYNTHESIS AND TRANSFORMATION OF TUBERCIDIN EPOXIDES 


INTO EPIMERIC ANTIBIOTIC’ STRUCTURES. 


The application of the reactions described above 
for, the adenosine (1), series ito the tubercidin (19) 
series was of considerable interest. Many of the 
adenosine analogs mentioned have appreciable biological 
activity and biochemical investigation of the correspond- 
ing tubercidin derivatives would be significant by 
analogy. As well, the previously noted resistance of 
tubercidin to enzymatic deamination removes this potential 
route of biological inactivation. Another point to be 
noted is that whereas an alternative method of synthesis 
(coupling procedure) exists for the adenosine analogs, 
this is not the case for the tubercidin derivatives 
which are not practically amenable to base-sugar (or 
fraudulent sugar) coupling procedures (110). Although 
the pivalylchloride-pyridine reaction with 2',3'-0O- 
methoxyethylidenetubercidin is successful (88), the 
sodium methoxide treatment required for obtaining the 
corresponding epoxide, 4-amino-7-(2,3-anhydro-8-D-ribo- 
furanosyl) pyrrolo[2,3-d]pyrimidine (58) (2,3-anhydro- 
tubercidin), appeared to cause extensive decomposition. 
Treatment of tubercidin (19) with a-acetoxyisobutyryl 
chloride (47) at room temperature in the presence of 
excess sodium iodide (60) gave quantitative yields of 


the intermediate 51 (Scheme XII). Deblocking with 
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methanolic ammonia at room temperature gave concomitant 
epoxide formation. It is interesting to note that 
epoxide formation from the 3'-chloro analog 57) (or ‘the 
3'-bromo) was reported to be very slow under similar 
conditions (61). Rapid chromatography of this reaction 
mixture! over silica gel gave the desired’ 58 in’ good 
vields Rapid crystallization’ of ‘this. producesfirom 
ethanol (in a desiccator containing ether) gave the 
analytical sample of 58. Its melting range was fairly 


small 170-173° and its We nmr spectrum had J and 


path EL i) 
Tar_gr ~ 0 (61). However, it is extremely susceptible 

to decomposition on standing, either dry or in solution. 
Decomposition of 58 in solution could be followed by thin 
layer chromatography (t.l.c.) very easily. Evaporation 
of such a solution of 58 and sdrying: ofathe ae OE 

under vacuum gave a solid whose mass spectrum contained 

a peak at m/e 238 (formula Cy Hy 4403 by Pactuane mass 
measurement) and another peak at m/e 221 (formula 

Cy 9 #3 1N393 by accurate mass measurement). By analogy 
with the adenosine case (Scheme XXVII) these two compounds 


could be visualized as I and Ii. 
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It is interesting to note that, although the peak 
ae m/e 221 does not exist in the mass spectrum of pure 
58, it was present in the reported (61) mass spectrum 
of 58 and attributed to the loss of HCN from the 
parent ion. It seems rather strange that this unique 
fragmentation takes place for 58 whereas in all 
reported cases (98) the loss of HCN always arises from 
the B+H ion (see mass spectrum discussion). An alterna- 
tive explanation for the presence of this peak at m/e 
221 in the reported mass spectrum is suggested by the 
above results: 58 could have been partially decomposed 
top lewhich in turn could give rise toy ii. 

| By deblocking 51 with methanolic ammonia at -20° 
it was possible to prevent epoxide formation and 4- 
amino-7- [-3-iodo-3-deoxy-8-D-xylofuranosy1] pyrrolo- 


[2,3-d]pyrimidine (137) was isolated in good yield. 
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Scheme XXXI 


Although the adenine ‘xibo-epoxide’ 31,.like 58, 
was subject to decomposition via cyclonucleoside 
formation, at could be usedgdirectly as a starting 
material for a number of reactions including reactions 
with sodium borohydride in alcohols. However, when 
58 was reacted with Soatan borohydride in methanol 
only poor yields of 4-amino-—/-(3-O-methy1-8-D-xylo- 
furanosyl) pyrrolo[2,3-d]pyrimidine (138) were obtained. 
Similarly reactions of 58 with sodium borohydride 
in 98% ethanol gave Pearinos 75 (s-ddommeet pee ryenres 
pentofuranosyl) pyrrolo[2,3-d]pyrimidine (139) in but 
17% yield. 

Treatment of 58 with benzoyl chloride in pyridine 
at room temperature gave an N,N,O” -tribenzoyl deriva- 
tive, 140. This readily crystallizable compound was 


completely stable at room temperature. Sodium benzoate 
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in hot DMF containing some water converted 140 into 

a mixture of intermediates. Deblocking with methanolic 
sodium methoxide at room temperature gave a crude product 
which gave two well separated products (Dowex 1-X2 (OH ) 
chromatography) identified as: 4-amino-7-(8-D-xylo- 
furanosyl)pyrrolo[2,3-d]pyrimidine (xylotubercidin) (141), 
in 69% yield and a small amount of 4-amino-7-(8-D-ara- 
binofuranosy1) pyrrolo[2,3-d]pyrimidine (arabinotuber- 


Gidin)» .C1l42), ; 


HOCH, ROCH, Lo BY HOCH, 
<_— a225 rs 
Q 
143 aOR 141 


Bu= 4-Amino-/-pyrrolof27 34dipy .imidin-J-yl 
Bf= N,N-dibenzoyl-4-amino-7-pyrrolo[2,3-d] pyrimidin-7-yl 
Pome Scheme XXXII 

The latter was identified by comparison, using 
thin layer chromatography (t.1l.c.), paper chromatography, 
electrophoresis, mass spectrometry, and ly nN g THVT ¢ 
spectroscopy, with an authentic sample of arabinotuber- 
cidin (142). In a number of these reactions, the ratio 
of 141 to 142 was between 20:1 and 10:1. This surprising 
result constitutes the first reported nucleophilic 


displacement sat the .C-2' of tubercidin:)(19).. 9-It is: in- 
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teresting to note that the ratio of xyloadenosine (23b) 


os 


to arabinoadenosine (17) was not markedly different. 
Formation of 141 and 142 in this reaction was accompanied 
by appreciable cyclonucleoside formation ee indicated 

by a u.v. absorption at v 305 nm. xXylotubercidin (141) 
has a melting point of 223-224° and its [al4* -135° 

(c 0.5, DMF) is strongly levorotatory as expected. Its 


a nmr (Hy A606, 2555/9100, ~ 2 Hz) and mass spectra 


aon 
(see table 1) were similar to those of xyloadenosine 
@3b)i.,i his close resemblance between tubercidin and 
adenosine analogs was found to be general. 

Treatment Of 140 with sodium azide in hot DMF (99), 
followed by deblocking gave fair yields of 4-amino-7- 
(3-azido-3-deoxy-§-D-xylofuranosy1) pyrrolo[2,3-d]pyrimi- 
dine (143). No 2'=-isomer wasedetected by column chro- 
matography. | 

The lyxo-epoxide of tubercidin, 4-amino-7-(2,3- 
anhydro-§-D-lyxofuranosy1) pyrrolo[2,3-d]pyrimidine (144) 
was obtained by the route (Scheme IXa) used for the 
corresponding adenine lyxo-epoxide (38) 2 ireatment: of 
141 with 2,2-dimethoxypropane in acetone in the presence 
of p-toluenesulfonic acid gave quantitative yields of 
the isopropylidene derivative 145. This crystalline 
compound showed the same tendency as 32 to retain sol- 
vent molecules. Its Lif nmr spectrum contained a singlet 


for the anomeric proton peak analogously to that of 32. 
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‘Mesylation of the 2'-hydroxyl to give 146 was effected 
at room temperature by reaction with methanesulfonyl 
chloride in pyridine. Removal of the isopropylidene 
group, to give 147, occurred at room Penberacure in 
trifluoroacetic acid (106). The lyxo-epoxide 144 was 
obtained by ring closure with methanolic sodium meth- 
oxide and purified by Dowex-1X2 (OH ) column chroma- 
tography. The relatively mild conditions used in this 
reaction sequence are particularly suitable for this 


sensitive antibiotic series. 


Scheme IXa 


Treatment of 144 with sodium benzoate in hot DMF contain- 
ing some water effected the opening of the epoxide ring in 
good yield. Column chromatography (87) on Dowex 1-X2 


(OH ) gave two well separated compounds: arabinotuber- 
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cidin (142) and a small amount of xylotubercidin (141). 
The approximate ratio of 142 to 141 was 17:1. Arabino- 
tubercidin (142) had a melting point of 125°-126° and 
its [al +" zt O.2. 90 whC £0\55,0)7,). DME) was significantly more 
dextroratory than that of arabinoadenosine (17). Its 
Li Thal. (Hy ate dou 642.4 Ji1_9: = 4 Hz) and mass 
spectra are again closely similar to those of arabino- 
adenosine (17). This sequence of reactions illustrated 
the transformation of the naturally occurring ribo 
tubercidin | (19) ate its xylo and arabino isomers. 


As noted earlier, the tubercidin compounds syn- 


thesized in this work present close analogies in 


structures (as evidenced for instance by their nmr 
and mass spectra) with their adenosine analogs. It is 
not unreasonable to expect interesting biological 
properties for xylotubercidin (141) and arabino- 
tubercidin (142) in view of the biological activity 
of eee ee (23b) and arabinoadenosine (ie) Also; 
a serious limiting factor with 23b and 17, namely 
biological inactivation via enzymatic deamination, 
Should not prevail for 141 and 142 since it is known 
that tubercidin (19) is not a substrate for adenosine 
deaminase (39°, 

Tt sicnclearetnat the epoxides 31, 38,08 and 144 
are convenient starting materials for the introduction 


of new functionality at the C-3"' and C-2' positions. 
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It was interesting to briefly explore the introduction 
of new functionality at the 5'-position of the sugar 
moiety. 

aan of “sliwath pytoluenesulfony] schloride tin 
coldypyridine, gavemhighsyileldsrof,9- [5-O0-p-(toluene= 
sulfonyl) -2,3-anhydro-8-D-ribofuranosyl]Jadenine (148). 
Unfortunately this material was unstable in solution 
(see nmr discussion) due to No>5! cyclonucleoside 
formation -~- an interesting result in view of the re- 
ported -( bil) einertness,of ithe 34-O-p-toluenesultonyl 
derivative of the lyxo-epoxide 38. 

In conclusion, it can be said that the present 
work provides convenient access to members of an 
important class of nucleosides, the nucleoside epoxides. 
These compound are versatile starting material for 
further modification of the carbohydrate moiety. 

Certain analogs of biological interest have been 
prepared in the adenosine series as well as certain 
tubercidin analogs of significant potential biochemical 
utility. Additional work in this series should pro- 


vide routes to various other interesting compounds. 
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Cc. MASS SPECTRAL AND NMR OBSERVATIONS. 


In 1970 McCloskey and co-workers (98) published 
a detailed study dealing with the mass spectrometry of 
adenosine analogs. This study provided an assessment 
of the structures and mechanisms of formation of the 
principal fragment ions in nucleosides and structural 
analog mass spectra. The compounds studied were 
structural variants of a single base adenine. The syn- 
thesis of a number of adenosine analogs, as well as 
Similar apealogs of tubercidin (19) ,)\is deseribed in this 
dissertation. Therefore, in the light of these new 
examples, it is interesting to summarize some of the 
more important conclusions reached in this publication 
(98). 

The more structurally significant ions consist 
of the purine base, here adenine, (or of the 4-amino- 
pYrrolol2, 3-d| pyrimidine base. in eLhe» tubencidin deriva— 
tives); plus various portions of the sugar skeleton. 
With a few exceptions, the sugar fragment per se (ion s) 
plays a minor role in the fragmentation of adenosine 
analogs. Loss of hydroxyl radical from the molecular 
ion M to yield the minor ion a is observed in most 
spectra; however, a specific hydroxyl group does not 
appear to be involved and therefore this ion is of no 
structurally diagnostic value. Elimination of formal- 


dehyde (30 mass units) occurs by proton transfer from 
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the 5'-hydroxyl group to the base with concomitant loss 
of, C-5 (HCO) to) provide, aonc;, jwhich, is ianiamportant 
Soructuralunducatorn of the: 5*apositionies This ion ce 

is usually very easily detected, whatever its relative 
intensity, since it occurs in the high mass region of 
the spectrum which is usually unobscured by other frag- 
Mentations. The proposed dominant route for ion ¢ is 


depicted below: 
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We 
la 


Scheme XXXIII 


From tablex(d) Dteisi clear that Lonte? lsenots present in 
theespectnasor, 327) 245, 3772 146; La Sirladen W22;handei4dd 
which do not possess the free 5'-hydroxymethyl group. 
This ton is also noticibly absent jin the spectra sof a 
few other compounds: 56, 137, 124a, 2oay 1437 (3/ay tal. 
These compounds apparently lose a sugar substituent 


(in Most cases at;C-3* or in two examples 37a and 147 


at C-2') before ion c is formed. Loss of the C-5' 
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moiety (M-CH.,OH) by simple cleavage to give an ion with 
the 4'-radical center stabilized by the ribose ring 
oxygen occurs as a minor but general process. 

Of major structural significance, is ion dad, which 
occurs at amass value equal to the mass of the base 
(B) plus 44 mass ites any che case of adenosine’ :(1). 
When the base is adenine, d iSsvat 7sumass, units (177 
for thertubercidin derivatives). Since ion qd contains 
carbon atoms 1" and 2' plus a rearranged hydroxyl 
hydrogen on the base, it shifts according to the mass 


Of thenC—2* ‘substituent. “Injlee dvappears at. m/e 180, 


J = 


np s4jae m/e 196, in 122) atim/e 192; in 133 at m/e 162), 
This! ion ‘permitstquick identification of isomers 
obtained by nucleophilic opening of the epoxide ring. 
Attack at C-3' will give a compound possessing ion d 
at m/e 178, whereas the Ca 2. isomer will have no peak 
atem/e 178 sbut possibly an 1onedeac a idifterent: m/e 
value. The experimental data collected by McCloskey 
show that more than a single mechanism exists for the 


general transition M+d. The three proposed mechanisms 


are depicted below: 
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Scheme XXXIV 


McCloskey preferred dg, for ethevs tructure tof uthis “ion 
Since it is better suited than d. for further decom- 
posi tiomio: eitherte ormB righ. Sincevalfree 2'- 
hydroxyl is required for the postulated route Eye dz, 
compounds without a 2'-hydroxyl were thought to proceed 
through d, from whach creation" of von f is “difficult 
fO.jenvisage. However "31,938 058, (144, 132; 37a, "147 
which do not have a labile hydrogen at the 2'-position 
werewfound, tovgive ‘a significant ion £. JA character- 
istic and abundant ion occurs 30 mass units higher 
than the mass of the base (B), which contains the 
base, ci and the sugar ether oxygen. The utility of 
this ion hiresides™in“reflecting structural’ changes 

at C-1". Based on the reduced abundance of this ion 


for compounds unable to provide a 2'-hydroxyl hydrogen, 


the following mechanism was proposed: 
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Scheme XXXV 


Sp OO L447) 32,881 Oy and 


Thistiss of interest- since 31, 
147 which don't have a labile hydrogen at the 2'-position 


give very intense ions h. Two more minor but 
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characteristic peaks which occur widely in nucleoside 
mass spectra are ion i, which consists of the base 
plus 60 mass units of the sugar, and ion j, which is 
observed 56 mass units higher than the base fragment. 
McCloskey and co-workers also showed that mass 
spectrometry was particularly useful for the differ- 
entiation) of O-methyl: nucleosides and. in particular 
for the identification of 2'-O-methyl derivatives. 
As expected, certain ions (B+H, BE2u ec EL, ph) are 
found at the same values for porOnmerhy le ands3)-O- 
methyladenosine. However, unambiguous location of the 
methoxyl on C-2' was established by comparison of ions 
d and h. Since h occurs at m/e 164 indicating no 
additionalicsubstitution ati Cn-l/yathe shigt of, ion,d 
from m/e? .178}in 3) -O-methyl, derivatives, (see; for 
exampie--compound (2 7) inwtablew! )igto0 m/e 1192, (see..com- 
pound 132 in same table) confirms methyl substitution 
in the C-2' grouping. Ion d further loses the 0-2'- 
methy lagroup, toyprovide: ion.) ,m/eul?7 (see, 132, in 
table. 1). , lon, hi was found by McCloskey to be reduced 
in abundance, in, the spectrum of 2'-O-methy ladenesine 
compared with that of 3'-O-methyladenosine, a result 
which was interpreted as in accordance with the pref- 
erential involvement of the 2'-O-hydrogen in formation 
of that ion, as previously discussed. It is interest- 


ing: to note that in 132 ion h was the base (1003 R.I.) 
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ion. McCloskey also found an intense peak at m/e 
146 (ion w), attributed to the sugar fragment less one 
hydrogen, characteristic to all 2'-O-methylated nucleo- 
sides habhis ‘intense (42.500f % Rv1.)* peak» was in= 
deed found in 132 thus confirming unambiguously the 
position of the methyl group. 

Perhaps the most generally characteristic ions in 
nucleoside mass spectra are those representing the 
base (deprotonated parent heterocycle) B, B+tH, and 
B+2H. The m/e values for these fragments represent the 
base portion of the nucleoside and their identification 
can therefore be ee premely, important in the structure 
determination of unknown molecules. There is no 
evidence for a general fragmentation path leading to 
B or BtH. The B+2H ion can come from at least two 
sources: from ion gd, and from ion h:s/ Interestingly 
the ratio of B+H to B+2H was found (112) to be constant 
over a 50° range of temperature during sample vapor- 
ization. It would thus seem possible to use this 
ratio as a characteristic of a particular compound. 
On inspection of table 1 it is seen how different this 
ratio is for the diastereoisomeric pairs 23b and 17, 
and for 141 and 142. It could reasonably be expected 
that changes in the orientation of the sugar hydroxyl 
groups (or other groups) would lead to variation in the 


intensity of a given ion. This was shown to be the 
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case and although such variations between isomers exist, 
McCloskey was only moderately successful in his attempt 
to correlate intensity variation with a particular 
stereochemical change. A ubiquitous fragment ion of 
compounds possessing a labile C-3' group such as 56, 
E374, t24a, 129a, Uy nee lye weppe ars at m/e, 220) (219 
for tubercidin analogs). The mechanism proposed by 


McCloskey (112) is as depicted: 


o + + 
HOCH2 o re) BH rds BH 
mie \ 
PSS a ee 
R OH R OH OH 
Oe it 220 


m/e 202 


Scheme XXXVI 


Further elimination of water from m/e 220 produces the 
aromatic secondary product furan, m/e 202. This ion at 
m/e 220 is of diagnostic value when studying the mass 
spectrum of compounds resulting from the opening of 
nucleoside epoxides since its presence is additional 


proof that substitution has occurred at C-3'. The first 
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loss from the parent ion was 31 mass units (rather than 
30) and the peak at m/e 219 was bigger than that at 

m/e 220 in certain of the compounds possessing a Coop 
group (especially pronounced in the case of a hydroxyl 
group) ein the xyloVcomiligurearion (for example 23b, 141; 
Mia, 1867ih 33) 

In conclusion, mass spectrometry is an extremely 
valuable tool for the identification of adenosine 
analogs such as those prepared in this dissertation. 
This very sensitive determination requires only micro- 
gram amounts of product. A simple inspection of the 
mass spectrum permits one to discover if the compound 
is modified on the base, at the C-2', c- 3s or C=5! 
position of the sugar, or any combination of these. 
With further model compounds and experience, one can 
recognize a particular configurational isomer in these 


series with reasonable degree of certainty upon careful 


examination of its mass spectrum. 
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Nmr spectroscopy has been widely used in nucleo- 
side chemistry and in particular as a tool in the 
Geter neta on Of anomeric Ccomtigquration 13, LP4) 215) . 
It has been determined (116, 117) that for furanoid 
derivatives, the dihedral angle between neighboring, 
Or vicinal, cis hydrogen atoms as with i and neighboring 
trans hydrogen atoms as with ii may vary between 0-45° 


and 75°-165° respectively. 
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Using the Karplus equation (118) it has been predicted 
that the observed coupling constants (J5_5) will be in 
the approximate range of 3852950 Heeronethesa—D (as) 
easetand 0V0-c 7 0etor ther p-b (it) Tease. “this yemtuation 
encountered visvarvis the’ Cl! -C2" protons in’ the 

a-D and the *6-=Dtecasewis similar to what is found) in 

the products resulting from the opening of the epoxides 


Si@andss8 with*nucteephniise reagents (see scheme XXXVII). 
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Scheme XXXVII 


The a-D (cis) situation is obviously analogous to.case 
Dbeand, czand the e—) (trans) situation to a and d. 
Recent studies (113, 115) have established that the 
trans assignment ‘should be applied with certainty 

only when the coupling constant (Ji 190) Ls j=. Hz’: 

In order to obtain a coupling constant that conforms 

to the foregoing requirement the formation of iso- 
propylidene derivatives is a well known procedure. For 
example the coupling constant (J) 1_o:) observed for 
adenosine (1) is V6 Hz, and Eormation) Of ies 72", 3*-0- 


isopropylidene derivative diminishes this coupling 
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Conctant to %2.57HzZ, waich is° indicative. of ‘the Babe 
configuration. However, because the value is greater 
than 1 Hz, the assignment of the configuration as B-D 
is not unequivocal. In this regard the case of 9-g-D- 
xyicadenosine (23b) is very anteresting. “Its coupling 
constant for the renee Peoton jis)2.0 Hz) (91) which 
is indicative of a trans nucleoside. However, forma- 
eiOmeOf the 37), 5' -O-isopropylidene ring (see below) 
wesults in aasinglet. for the vanomeric proton peak , thus 
establishing the 8-anomer and giving further proof of 
theyxylo conftiguration), for 23b. 

Even more useful is the observation (119, 120-124) 
that the peak assigned to the anomeric proton of a 
Cl'-C2" trans nucleoside such as aor d appears at 
higher field (usually AS 10.5 ppm) than the correspond- 
ing weak Of aves nucteoside. pm This is -clearlytiliustra— 
ted in table 2 which shows the position of the anomeric 
proton and the coupling constant J. 19t ton palrs lot 
xylo and arabino isomers. As expected the coupling 
constant is usually bigger oe the arabino isomer than 


for the xylo isomer; but this is not always the case. 
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It is interesting to note that the "rule" seems also to 
hold {fox the pair of -tubercidin analogs, 141 and 142. 

The use of nmr in conjunction with mass spectrom- 
etry was also of great value in establishing rigourously 
the structures of the intermediates in the reaction 
sequence starting with 9-g-D-xylofuranosyladenine (23b) 
and proceeding to the lyxo-epoxide 38 via 32, 37 and 
3fa (see scheme IX). As mentioned above, reduction in 
the coupling constant of the anomeric proton accompanied 
the disappearance of the peaks corresponding to the Cree 
and C-5! hydroxyl groups clearly indicating the forma- 
tion of an isopropylidene ring in 32. The appearance 
of two singlets in the methyl absorption region confirmed 
this structural feature. ‘formation of the 2'-O-mesyl 


derivative, 37] was clearly indicated (by its nim.r.-spec- 


trum. 
TABLE 3 
Nmr Evidence of a Reaction Sequence 
23b Bz. 37 37a 
(Sy 151 =2 Hz) (J, 1_51=0) (F511 _91=0) (J 1_51=2-5) 
His 585 Dre SF 6 sa 6.24 
Ho 4.35 Sars 5:39 
Hy, 4.71 4.46 
40b5 5.G—4 7.3 4.19 
Has 
4.10-4.30 
avs), fi Oke 


+. 
{ 
AY, 
. 
\ 
’ 
- 
os A 
tt 
e 


4 
Z 
7 _ 


ee em pp 


p22et5 290 iets a ie wonipate 8 
;. } i ao if i. ie Y 
Rpeg- ategit a . 


i esieH Anat ig rece, te ee kp 
} is we “ 5 


aia 


‘ ry 
. ae ee Dor iia 
. al, an P anh iv 
eae 
: oe ; 
, od j aed A - 
N t 5 i Fe aie j 
4 a 
. bau 
woah 1 4 ¥ 
ety matt 7 + ‘ea wg ah. & inal 
t } 


4 


plas 


As can be seen from Table 3, the greatest 
downfield shift (0.87 ppm) was observed for the Hos 
PEOtonN{OL 3/7 aS expected withian estimated downfield 
y: and Ho protons. 


In addition, the appearance of a new singlet (3 


shift (0.4) almost equal for the H 


protons) and disappearance of the C~2! hydroxyl were 
Supplementary proofs for the proposed structure, 37. 
Finally, removal of the isopropylidene ring, to give 
Blagywasaindicated by thevappearance of ‘a coupling 
between the anomeric and the H-2' protons, loss of the 
two singlets corresponding to the methyl groups and 
the presence of a two hydroxyl absorption peak. Once 
again it can be seen that the maximum deshielding 
(AS %1.0 ppm), for the various protons of 37a com- 
pared to those oe re, was for Ho. as expected. 
Another example of the use of nmr for structure 
elucidation was provided by 9-(5-0-p-toluenesulfony1l- 
2, 3-anhydro-B-D-ribofuranosy¥) adenine’ (148). It is 
Known (125) that: py the nmraspectrum ei 2) 3° -O-iso- 
propylidene adenosine (DMSO-d, ) and in the spectrum 
Of, 1ts)57-O-=p-tolyisul tony) derivative, in CDC1l,, the 
singlet peaks corresponding to the C-2 and C-8 pro- 
tons appear essentially at the same place, respectively, 
607. 9tand 8.25 ppme) However, ‘thesspectrum of the same 
compound in DMSO-d- shows very Significant changes 


which indicate that N,>C-5' anhydronucleoside formation 
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Scheme XXXIV 


GIP 


Theypeaks assigned) toy che” protons ony e-Z “and C-8 are 


now observed at 8.66 and 8.78, a Significant shift 


downfield. The peak at 6.47 corresponding to the 


exocyclic amino group is also replaced by a very 


broad doublet at 9.48. 


The peak corresponding to the 
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anomeric proton was also found to be shifted down- 
field.) A# parallel behavior is exhibited by 148. In 
the spectrum (DMSO-d, ) Of they reibo-epoxide 31)/the 
anomeric proton appears at 6.22 and the C=2,,and C-8 
PEOtons, respectively, at &.18 and 8.35. The spectrum 
Of 148 in CDC1, (containing the minimal amount of 
DMSO-d- necessary for solubility) showed these three 
peaks at 6.20, 8.02 and 8.18 respectively. However, 


in the spectrum of 148 in DMSO-d the anomeric proton 


Ger 
peak shifted to Gass and the C-2 and C-8 proton peaks 
to 8.5 and 8.75, respectively. This clearly shows the 
easy formation of the N3>C-5! cyclonucleoside, a result 
corroborated by the observation of a bathochromic shift 
(12 nm) in the uv spectrum. 

Thus, nmr spectroscopy has proved to be useful in 
structure elucidation especially when associated with 
mass spectrometry. Whereas the latter gives clear-cut 
information on the position of any particular group, 


nmr provides the complementary information (i.e. the 


configuration at this position). Nmr also clearly 


indicates, as did mass spectrometry, the close resemblance 


of the adenosine and tubercidin analogs. 
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A. GENERAL PROCEDURES 


Melting points were determined on a Reichert 
mMicrostage apparatus and are uncorrected. Nuclear 
Magnetic resonance (nmr) spectra were recorded on Varian 


HA-100 and Bruker 90 spectrometers with TMS (a spectra) 


= (19 


or -Cel F spectra) as references. Ultraviolet 


3 
(uv) spectra were recorded on a Cary 15 spectrophotom- 
eter. Optical rotations were determined with a Perkin- 
Elmer Model 141 polarimeter using a 10 cm, 1 ml micro- 
.cell. Mass spectra were determined by the mass 
spectroscopy laboratory of this department on AEI MS-2 
or MS-9 instruments at 70 eV using a direct probe for 
sample introduction. Elemental analyses were determined 
by the microanalytical laboratory of this department 
or by Schwarzkopf Microanalytical Laboratory, Woodside, 
New York. Thin layer chromatography was performed 
on Eastman Chromatogram sheets (silica gel No. 13181, 
indicator No. 6060) in the solvent system indicated. 
Developed chromatograms were evaluated under uv (2537 A) 
light. Evaporations were carried out using a Biichler 
rotating evaporator with a Dry Ice cooled Dewar condenser 
under aspirator or oil pump vacuum, at 40° or less. 
Hydrogenations were effected using a Paar shaking 


apparatus at room temperature, under the specified hydro- 
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gen pressure with Matheson, Coleman and Bell 5 or 103 
palladium on carbon as catalyst. 

Silica gel column chromatography was performed on 
Sete baker, NO. 3405 siitca gel. Pyridine oe refluxed 
over and then distilled from calcium hydride, then 
treated with chlorosulfonic acid and distilled over 
potassium hydroxide. Finally it was distilled, and 
stored over Linde 4A molecular sieves (dried at 200°). 
Sodium iodide was dried in the presence of phosphorus 
pentoxide at room temperature under high vacuum. Pivalyl 
chloride was distilled before use. 

Diffusion crystallization, adapted from reference 
number 126, was effected using EtOH or MeOH as the 
dissolving solvent and ether or pentane as the diffusing 
solvent. A concentrated solution of the nucleoside in 
the first mentioned solvents contained in a beaker was 
placed in a desiccator containing a large volume of 
the second solvent in which the material is insoluble. 
Crystallization was allowed to proceed at room temperature 
and then the crystals were poileetea by filtration, using 
water aspirator vacuum. 

Electrophoresis was performed on a Savant flat- 
wate apparatus (HV-3000A) using Whatman number 1 paper. 

Descending chromatography was effected using Whatman 


number 1 paper in the following solvent system (127): 
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Ammonium acetate, 1M, containing ethylenediaminetetra- 
acetic acid disodium salt wn) M, adjusted to pH 9 
with ammonium hydroxide and saturated with sodium tetra- 
borate. 60 ml of the above solution was mixed with 
140 ml of 90% EtOH. The mixture was allowed to stand 
forrt hr. “The slight precipatate which formed during 
this time was removed by filtration before use. 

Other solvents used were of reagent purity and 


were distilled before use. 
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TABLE 4 


Paper Chromatography” 


Compounds 


Adenosine (1) 
9-8-D-Arabinofuranosyladenine (17) 


—_— 


9-8-D-Xylofuranosyladenine (23b) 


Tubercidin (19) 

4-Amino-7- (8-D-arabinofuranosy1) - 
=gftaraapliay OOea) vara ue 
(Arabinotubercidin) (142) 

4-Amino-7-(8-D-xylofuranosy1) - 


pyrrolo[2,3-d]pyrimidine (141) 


“ See general procedures. 
b 


Rpe ference a Re (Compound’ ® (Reference) 


Rarabino- is 
furanosyladenine 


Rarabino- 
tubercidin 


O67 


determined on 


the same sheet of chromatography paper. 
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TABLE 5 


Electrophoretic Mobilities® with Borate Complexing 


Compounds 


Adenosine (1) 


9-8-D-Arabinofuranosyladenine (17) 


9-8-D-Xylofuranosyladenine (23b) 


Tubercidin (19) 

4-Amino-7- (8-D-arabinofuranosy1) - 
pyrrolo[2,3-d]pyrimidine (142) 

4-Amino-7- (8-D-xylofuranosy1) - 


pyrrolo[2,3-d]pyrimidine (141) 


Distance 


Migrated Toward 
Anode in mm 


80 


97 


S32 


85 


@ Whatman No. 1 paper. 0.1 Mvsodium borater pi” = 


1S KVer(2 V/cm)* 30-35) mAs? SO" min. 
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B. SYNTHESES 


9- (2, 3-Anhydro-g-D-ribofuranosy1) adenine (3E)) C24) 


(55) (58) Method A. 


TO arsolutionsof 2.97g (0.009 mole) on 2, 3'-0- 
methoxyethylideneadenosine (118) in 60 ml of dry 
pyridine, was added 12 ml’ (0. mole) of pivalic acid 
chloride dropwise with stirring and exclusion of 
moisture. The solution was then slowly (1 hr) heated 
tor reflux ‘and refluxed for ivhre “The resulting 
yellow solution as allowed to cool to room tempera- 
ture and 20 ml of MeOH was added dropwise with stirring. 
This solution was evaporated until precipitation of 
solid began. Dry Et50 (100 ml) was added and the mix- 
ture filtered. The filtrate was washed with 2 x 100 ml 
Or arired 


of 103% NaHCO, solution, 2° 39hO0) ml oft Hy 


over Na.SO filtered, and evaporated to give a yellow 


Paar ag 
solid foam. 
Thais; material (composed primarily yor ll9 and 120) 
was dissolved in 300 ml of MeOH and 3.2 g (0.059 mole) 
Of NaOCH, was added. The veauleine solution was stirred 


for 17 hours at room temperature, neutralized with 


HOAc:H.0 (1:9), and evaporated to give a yellow powder. 


Residual pyridine was removed by codistillation with 


3 x 60 ml of dry toluene. The product mixture was par- 


titioned between Et,0:H,O (50:20 ml) and the aqueous 
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Layern/was applied to a column, (4. .x..40:.cm, 500: mi)\ of 


Dowex 1-X2 (OH ) resin packed in MeOH HO Om(3=/) 2) ithe 


column was rapidly developed with the same solvent 
mixture and the appropriate fractions containing pure 
31 were -combined-—and evaporated to give 1.42 g (63%) 
Sresolid ys vaktler sation. 


This material had mp 180° decomposition (when 


rapidly heated) ; rotle = Oe ne Oe 2 HAO) e8 UV ale ©) 
D = 2 2 


Maxe2ocenm (2 147.900), min 3225.0(27,,200); (0.1 N HCI) 
max 255 nm (e€ 14,600), min 228 (3,400); (0.1 N NaOH) 
Moasecoo nm (eno ,000), minr22e0te. 4,000) +. pKa = 3,55; 


nmr (DMSO-d-.) 6 3.58 (m, 2, APS gt sy 


Hes 5) a 


SE mw es alice = 2.5 Hz, 
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ee ae Olly Onc. US el F226 (SS; 2, O-NE Shou te) 
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Sa alee wat eae eye Al Uc phe ine He) i mass spectrum (190°) 


yon 
TGR ye On) 249 0(4 5 My 2a (4. Cle 202 (2, 


Gm17)7-190. (405, 1) 164 (200mg 148 (75 /£)\, 136 


(48, BZ), @135 (84e B+H) . [Reported (24) mp 200-203° 
dec.; [al2° =3 (0.6, 20% aqueous pyridine). (55) 

26 
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Anal. Sees: for Cy 9 Hy 1N5 03: Ce -2 619s HF 4.455 N7, 


23.10. thound:35 Cj 40.43; Hy, 4.627 NN, 29.05. 


-i?o> (c10'.4,,5 20% aqueous pyridine); la) —36/25° 
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9= (2; 3=Anhydro-B-D-ribofuranosyl) adenine (31). 


Method B. 


TOs a SOlLUtLON Of 29a: kOe 


Goymole)) o£) 27,3)" -O- 


methoxyethylideneadenosine (118) in 600 ml of dry 


pyridine, was added 120 ml (1 


mole) of pivalic acid 


chloride dropwise with stirring and exclusion of 


moisture. 


to reflux and refluxed (forcbkmyr: 


The solution was then slowly 


(i hr). heated 


The resulting 


yellow solution was allowed to cool to room tempera- 


ture and 200 ml of MeOH was added dropwise with 


stirring. 
centrated in vacuo until most 


evaporated. 


This pale yellow solution was then con- 


of the liquid was 


The thick pale yellow paste was washed 


with 5 x 400 ml of dry ether and the mixture was 


filtered. The ether filtrate 
residual pyridine was removed 
toluene (3 x 50 ml) to give a 


foam was dissolved in 1000 ml 


metal pieces (washed in ether 


until moistened pHydron paper 
The solution was then stirred 
over a period of 7 days while 


The volume was reduced to 200 


was evaporated and 

by coevaporation with 
pale yellow foam. This 
of MeOH and sodium 

and dried) were added 
indicated a pH = 8-9. 
at room temperature 


protected from moisture. 


ml and the resulting 


pale yellow precipitate was collected by filtration. 
This powder was stirred under ether (500 ml) and the 
mixture was filtered. The dry weight of this chroma- 


tographically pure epoxide was 12.5 g (56%). 
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9- (3-Chloro-3-deoxy-f-D-xylofuranosyl) adenine (56) 


and 93> (2-=Chloro-2-deoxy—s-D-arabinofuranosyl) adenine 


(54) (58). 


The procedure given for the preparation eye. Sih 
was followed to the end of the first paragraph. The 
pale yellow foam (2 g) was dissolved in 100 ml of MeOH 
presaturated with ammonia at -5° and allowed to stand 
at 0° for 24 hr. The ammonia was evaporated at 0° 
and to the solution was added 20 g of silica. The 
mixture was evaporated to dryness and the impregnated 
powder was added to a column (4.3 x 80 cm, 400 g) of 
Silica gel. The products were eluted with CHC1.,-MeOH 
(Jo2o}e “Ihe first product towbe eluted was) 56, 
Stightely contaminated, in“the first fractions, with 
small amounts of 31. Evaporation of the pure fractions 
gave 0.4 g of 56 as a white powder. A sample for 
analysis was recrystallized from 95% EtOH (ether, 
desiccator) and had mp 195-196°; [al]4" -32° (c 0.14, 
MeOH); uv (0.1 N’HC1) max 255 nm (¢ 14,500), min 228 
(3,400) 3 suv (H,0) max 258 nm G 14, 70C)4 min *225 
(3,190); uv’ (0.1 °N NaOH) ‘max 258 nm (e “147700 )aemin 
NATELY, nmr (DMSO-d) Oil os NE, “2a, Hos ou)s 4.50 
(br ten 2, Have H3.), 4°80.) (br “dad 7a Ho.) SORE: , 


A P= jai 0) 51) Fito spe) Oar (ro uc = 47Hz, ol, a Gy sonra s:, 


= ji| Les ye 
Pp ran OH) oi. cce (Dias). 2, 6-NH,), 8. LO, 28s (S) (Siz 


1, 1; Ho, Ho); Mass spectrum (190°) m/e (R.1I., ion) 285 
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(47 9M) 72250" (15.57 -M-35) 9922021, M-(30+35)], 202 (2.5, 
220-28)%21908(255, 4), 178° (1.5, d), 164 (60, h), 148 


(5, £), 136 (50, B+2H), 135 (100, BtH). [Reported (58) 


me 


mp-194-196°; lal, =o kane garg One, MeOH) |. 


Anal’. Calcd sOn Cy oH} 2C1N.03: 


byes “ole Cleats, “Pound iscy 41,94). 4d 48> 0N, 


Cy AZG037 bo, 642233 


28 30s sCU, b2 44. 

Further development of the above column with the 
same solvent system gave fractions containing both 
isomers followed by fractions which were evaporated to 
give 0.027 g of pure 54. A sample for analysis was 
“recrystallized from 95% EtOH (ether, desiccator) and 
had mp 243-245°; [al4" -8° (c 0.25, DMSO); uv (0.1 N 
HEL Lomax -25 5.1mm (e eS) AO Oi) Sel th oe Din 2ye Oo Osu) Vv, (H,0) 
max 258 nm (ce 13,800), min 225 (1,750); uv (0.1 N NaOH) 
Maxw2 oe nme te 2134500) ,amin 2206.(2.350)2. oNmr (DMSO-d, ) 


Ces ehae (Me Opell Haws ARS i als Ha), 2 Oe Ate, 


Sy 5m 
Joreonesesy = 5 HiZily 1, 5'-OH), 6%0.2 (dz J31_oH-3! ao Wy SS 
Ha, by 2'-OH), 6.48 (d, Ji 191 a 6.5 inlay ne Hye Te ewe 


(D¥4S gale, 6-NH,), Se liA eS a SA Sp Sel py ise Ho, H)i mass 
spectrum. (190° )}im/e (Rideaparbon), 285'4(5, M), 26:80 (L:, M-17), 
255 (6.5, c), 250 (6.5, M-35), 202 (3, M-(35+18)), 190 


Ome 196 MlOmr dee t64 (48,5, bh) ul48e(3; £) 036 


(97, B+2H), 135 (100, B+H). [Reported (58) mp 245-247° 
[a]?? -10.5° (c 0.25, DMSO). 


Anal.’.Calcd, for Cy Hy 201593: Cole OS ol, tae 
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Nee acount ste cele TEOuUnGs mre, 42226; 4H, 14e45 7 “Np 
PART ACN, Tie cao 
6—“N-Pivalamido-9- (S520=pivaly1-—2 ,3-anhydro-~=D- 


ribofuranosyl)purine (121). 


To a suspension of 0.13 g (0).0005 mole) of 31 in 

5 ml of dry pyridine was added 0.5 ml (0.004 mole) 

of freshly distilled pivalic acid chloride and the 
resulting clear solution was stirred for 28 hr at room 
temperature. Ice chips were added and the solution 
was poured slowly with stirring into 150 ml of ice 

and water. This mixture was extracted with 2 x 150 ml 
of CHCl, and the combined organic phase was washed 


wath 2 x -100; mis of 910% dqueocus NaHCO. “sollutiion, '2):x 100 


3 


ml of HO, and dried over Na,SO,. Drying agent was 


removed by filtration and the filtrate was evaporated 

to give 0.21 g (100%) of a pale yellow powder. A more 
rapidly migrating (tlc) contaminant was readily removed 
by recrystallLization “from 95% (EtOH (to, give) O1sL9 ig (92%) 

Of 71217 ap, L76saw oe idec.; “uv MMeOH)) max 2710 mm ie 18,500) 
Min i230: 963;,800):sinmr (DMSO-d_) 6 18.0) [sshkos) S'=OCoCcS= 


(CH3) bi 1 223s ao, 6-NHCOC (CH3) 3], 4.0-4.4 (m, 4, Haws 


Her gue H31), A538 Ad oS =) 92:5 Sl Zaye lay Hows 6.36 


2763" 


(si, i, H BEGOl, Sa. 6(s), ts; 2,0 als Ho: He), 10216: (s,/.1, 


ye 
6 NH-Piv); mass spectrum (175°) m/e (% R.I., ion) 417 


(4, M), 332 (16, M-COC[CH 316 [4, M-OCOC(CH,) 53], 


313). 
220° (16, B+2H), 199 (23), sugar). 


EPO2 
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S68 ml or dry pyridine was ‘added 3.6 ml (0.031 mole) of 
freshly distilled benzoyl chloride and the resulting 
clear solution was stirred for 8 hr at room temperature. 
Ice chips were added and the solution was poured slowly 
into 1000 ml of siee and water with vigorous stirring. 
The resulting white precipitate was filtered, washed 
with 1000 ml of cold water, and dried (finally in vacuo 
at / 0+) tor giver 2g (82s)Wor 122 Recrystal lization 
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9=(3-f Luoro-3-deoxy-8-D-xylofuranosyl)adenine 


Ri23)(85)\. 


To a solution of 0.28 g (0.0005 mole) of 122 in 


25 ml of dry freshly distilled CH,CN was added 


3 
0.45 g (0.003 mole) of dried tetraethylammonium fluoride. 
The yellow solution was heated at reflux for 5 days 
while protected from moisture by a "Drierite" drying 
tube. Evaporation of this solution gave a gum which 

was dissolved in 100 ml of MeOH, 1.0 g (0.019 mole) of 
sodium methoxide was added, and the solution was 

stirred for 15 hr at room temperature. This mixture 

was neutralized with HOAc:H.O (1:9) and evaporated. 

The resulting residue was partitioned between 20 ml 
OreBtnoO rand 1LOTmlaof H 


2 Zz 
to a column (2.2 x 17 cm) of Dowex 1-X2 (OH ) resin 


O. The aqueous phase was applied 


packed in MeOH-H,O (3:7) and elution was begun with the 
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same solvent mixture. A small quantity (27 mg) of 
material indistinguishable from 9-g-D-xylofuranosyl- 
adenine (23b) by nmr and mass spectroscopy was 

obtained and after changing to MeOH-H,O (6:4), the 
desired product, 123, was eluted. Evaporation of 
appropriate fractions and crystallization of the residue 
from 95% EtOH gave 0.085 g (63%) of 123: mp 212-214°, 
[a4 
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9-8-D-Xylofuranosyladenine (23b) (44) (45) (47). 
ah a 


To a solution of 0.56 g (0.001 mole) of 122 in 
50 ml of DMF containing 2 ml of water was added 0.3 g 
(0.002 mole) of sodium benzoate. This mixture was 
heated at 100° for 22 hr with stirring and then 
evaporated in vacuo. The resulting gum was parti- 
tioned between 100 ml of CHCl. and 50 ml of HO. diets 
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and the combined organic phase was washed with 2 x 
L000) ml? of HO, dried over Na,SO,, filtered, and 
evaporated to give a pale yellow foam. 

This foam was dissolved in 100 ml of MeOH and 1 
(0.019 mole) of. NaOMe was added. The solution was 
stirred for 16 hr at room temperature, neutralized 
with HOAc: HO (1:9), and evaporated. The residue was 
OyandS0sm16 ofn EEO 


2 2 


and the aqueous phase was applied to a column (2.2 x 


partitioned between 20 ml of H 


20 cm) of Dowex 1-X2 (OH ) resin packed in MeOH-H.0 
(3:7). Elution with the same solvent mixture and 
evaporation of the appropriate fractions gave 0.23 g 
(35%) .0f .23b, .which..could be; crystallized from, 95% 
EtOH to give 0.21 g of 23b: mp 185-187° dec; [a]2° 
=67° (c, 1. l4, H,0) ; uv (0.1 °N (HCl) omax, 255 nm 


(= §5,000)', min 229° (4,000) “uv (HO) max 258 nm 
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[Reported (44) mp 125-140, (47) mp 225-230°, [a]24 
SiGe Ae pic’, WHLONs FAS ilalie, e2245 (a 14227 1,0). 
Anal. Calcd .for Cy 9H) 3N50,: Cp Ad 94s 1 Hey 4:29 Oi 


Neg 20s NV OUNGdsns 'C,- 44.957) H, 4.96; N26 .33. 


Further elution with MeOH-H,O (1:1) gave 0.024 g 


2 
of-17. This product had essentially identical mobility 
to a sample of authentic fin Be thin-layer chromatog- 
raphy, paper chromatography and electrophoresis. The 
nmr spectrum (DMSO-d; ) Of ther product, obtained from 
Similar experimental batches was identical with that 


of) 1d (Hy St 6.425, = 4 Hz). See table 4 and 5. 
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Anion exchange column chromatographic resolution 


of Synthetic mixtures of 9-@-D-xylofuranosy ladenine 


(25))) and,.9-8-D—arabinofuranosy adenine: (17). 


A mixture of 0.8 mg of 9-8-D-arabinofuranosyl- 
adenine) (17) ,and,11 mg of 9-6-D-xylofuranosyladenine 
(23b)) was dissolved an lm «of HO. This solution 
was applied to a column (0.8 x 20 cm) of Dowex 1-X2 
(OH ) resin. Elution was commenced with H50 (200 ml) 
and then ee aoe 103% increments (100 ml per incre- 
ment) of MeOH were used. At 40% aqueous MeOH 11 mg 
(uv estimation) of 9-8-D-xylofuranosyladenine (23b) 
veome luted: The 9-8-D-arabinofuranosyladenine (17) 
(0.8 mg uv estimation) was eluted with 50% aqueous 


MeOH. The products were. identified and shown to be 
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pure by thin layer chromatography and mass spectrometry. 


A mixture of 0.8 mg of 23b and 11 mg of 17 was 
also completely resolved on an identical column using 
the above procedure. 

9=X3-Azido=3s-deoxy—-6=D-xytofuranosyl) adenine 


(124a) 


BROmavsoLutzon OL lig 07002 mole) of L22-in 
100 ml of dry distilled DMF was added 1 g (0.015 mole) 
of sodium azide. The mixture was heated for 10 hr 
at 100° with Sei tring and then evaporated in vacuo. 
The resulting pale yellow gum was partitioned between 
100 Tl Of CHC1, and, 50° mL or H,0 and the aqueous 
layer was extracted with 2 x 25 ml of CHC13. The 
combined organic phase was washed with 2 x 50 ml of 
HO, dried over Na,SO,, filtered and evaporated to 
give a pale yellow solid foam. This material was 
dissolved in 100 ml of MeOH and stirred for 12 hr 
at room temperature with 1 g (0.019 mole) of NaOMe. 
The solution was neutralized with HOAc-H.0 (1 39))77and 
evaporated. The residue was pancaaoned between 
50) mi of Et,0 and. 210ml o£ H,0 and the aqueous layer 
“was evaporated to dryness. The residue was crystal- 
ite ea from HO to give 0.54 g (92%) of a pale yellow 
solid. This material was recrystallized from EtOH to 
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give 0.49 (83%) of 124a7 mp 177-178°; [a], -128° 
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9-(S-Amino-=3-deoxy-6-D=xy loturanosyl) adenine 


(124b) 


A solution of,.0.37 g° (0.0013 mole) of 124a in 
100 ml of 95% EtOH was hydrogenated at 45 psi (gauge 
pressure) for 48 hr at ambient temperature over 
0.9 giof 5% Pd/C’ catalyst.” Thermixture was~f£iltered, 
the filter cake was washed with 20 ml of hot EtOH, 
and the combined filtrate Gastevaseraten to give a 
white solid which was recrystallized from 95% ETOH to 
give 0.27 g (81%) of 124b: mp 250-251°; [a]4" -30.1° 
(e765; H50); av (0. 19N HCL) max7255 nm” (ce 147500) 5 
min’ 22532, 500; uv (H,0) max 258 nm (ce 14,300), min 
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135 (50, BtH). 
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G24 55 N yA 2659 leer ound: muCA 45.9 34H, 6.32% N7 427200; 
9e(2-5-benzy1—2—-thio-2-deoxy-—p—-D-arabinoruranosy)))= 

adensnes) (1:26). and: O— (3-S-Benzyli=3-thio-S-deoxy—8-D-— 


xylofuranosyl) adenine (125) 


Tonka solutron’or 0.78" gq 0. 0Lo* move)” of sodium 
methoxide in 40 ml of MeOH under nitrogen was added 
2 ml (0.0174 mole) of benzyl mercaptan. To this solu- 
tion was added 0.7 g (0.0028 mole) of 31 and the 
mixture was refluxed for 18 hr under nitrogen. The 
solution was evaporated in vacuo, the residue dissolved 
in 100 ml of MeOH, and this solution neutralized with 


acetic acid-H,O (1:9). The solution was evaporated 
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to dryness and the white residue was dissolved in 


30 ml of H,O and applied.to a Dowex 1-X2 (OH ) (2.3 x 
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35 cm) column. The column was washed with H5O ea ik. 


Elution with MeOH:H{O (4:6) afforded 0.075 g (7%) of 
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£26. rhs product “was ,necrystallized from EtOH-Benzene 
ai 4 
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ana gave. 0$060 -9 of/pure 126 mp ‘'196-198°?7 °[a] = E557 


(c 0.55, DMF); uv (MeOH) max 268 nm (ec 16,000), min 


(4,900); nmr (DMSO-d, ) Ors e6 wit els Ho1), S965 AGS hr 2), 


-S-CH5), 3.75 ("A", 2, Hey gn), 4.3 (m, 1, Hyy)s 5.16 
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373 (0.5, M), 282 (19, M-CH,$), 164 (11, h), 148 (2.5, 
Piet 30,4660 ,, .BH2H) 4135 (100; Reo). 

| Further elution with MeOH: H.,0 (4:6) gave 0.90 g 
352% )of el 25.  Recrystalli zation of 0.1 g of uthis 
product from MeOH (ether, desiccator) gave 0.085 g 
Ofspure 125: .° mp, (182-183 %; [ala eee GC ie 0 DME): 
uv, (MeOH): \ max 3268: nm (ce 15; 000%) min. 230. (4,800); 
nmr (DMSO-d, ) Sipe enn Gad eae T3r_9: = Tas_gs = 84H sya diy 
H31), 3.65 (br Ss; 2, Hg on), 3.94 (S, 2, S-CH,), 4.25 
(Mi dek » Haws 4A TO aD “Sia! s Ho.) 5. Gia Stn, Jer_oy—5: 
Seal Za wl oie Se OH), Oe GO, Ji1_2 = 6isHZ 21, Hy), 620 
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aromatic, 6-NH,), Sica GS fe Ly Ho), 8340 “(Suey Ho) 
mass spectrum (220°) m/e (R.I., ion) 373 (1.5, M), 282 


(37, M-CH.,>), 220m Vo 2mo) 7 202).(10.5) 7178 (10.5, dc), 
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9-(3-0-Methy1-6-D-xylofuranosyl)adenine (127) 


Tova suspension of/0.25 g.i(0.001l mole) of 31 in 
50 ml of MeOH was added.1.15 g (0.03 mole) of NaBH. 
The mixture was heated for 12 hr at reflux with three 
further additions of 0.25 g portions, of NaBH, after 
heating for 1, 4 and 6 hr. The solution was evaporated 
and the white residue was dissolved in 30 ml of H,O. 
This solution was continuously extracted with 100 ml of 
CH5C1l, for 24 hr and the organic phase was evaporated 
to give “0328 ¢g (vL002)) of whe product. This material 
was purified by column chromatography on Dowex 1-X2 
(OH ) using MeOH-H.O (3:7) as the elution solvent mix- 
ture. Evaporation of the appropriately pooled fractions 
and recrystallization of the residue from MeOH gave 
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MeOH); uv (0.1 N HCl) max 258 nm (ce 14,100), min 230 
(37000); (H,0) max. 25>Senm=(e £45200)", men 2252125500) 
(0.1 N NaOH) max 259 nm (e1.477400)-,4min 225 (37700); 
nmr (DMSO-d_ ) 6 Ses. (S, 937 3'-O-CH3) , S272 Dre see 2, 
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134 (85, »B+H) . 

Anal.» Caled: for Cy Hy5N.O,: Cy S697 pai eo 1s 
hme sone | HOuUnd: 4C; 46.90 0cmrl, mo s66? UN, 24.70 

Pheysame reaction was repeated (on 1g of 31. ° The 
use of a Dowex 1-X2 (OH ) column (3 x 68 cm) permitted 
‘the isolation of 78.5 mg (8%) of 3'-deoxyadenosine 
(16); fromthe (1:9) MeOH:H.,O fraction and 860 mg (77%) 
Of che title compound 127 from ithe (3:7) MeOH:H,0 
Praction . 

9- (3-Deoxy-§ -D-erythro-pentofuranosy1) adenine- 


[cordycepin; 3'-deoxyadenosine] (16) (58). 
ToO.a suspension of 0.25 g (0.001 smole) of 315in 
120 ml of EtOH (98%) was added 1.4 g (0.0037 mole) 


of NaBH The mixture was heated for 12 hr at 
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reflux. The solution was evaporated and the white 
residue was dissolved in 20 ml of HO and applied 
to a column (2.5 x 60 cm) of Dowex 1-X2 (OH ) resin. 


The product was eluted using MeOH-H.O (Sein puvepora— 
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residue from 95% EtOH (ether, desiccator) gave 0.140 g 


(S65) 7of Wo actwhite crystals: | mp.i229-230°; [a4 
Hasso PCO .O0), H,0); uv (0.1 N. HCl) max 258 nm 
(emule, COU)emIn 228 (27cO0) ei naO) max 258enm (ec 15,200) 
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Hame22> (3,000); (0,1 N NaQk)) max 258 nm te 15,100) 


min 220 64,150) 2 nmr (DMSO-d_) Spi. 95) (“octet , 


J3n_31 2 13, J = 6, 


—3"-4' 3°=2" 
("Sseptet", Ja1_ 3m = 13, Jar_an =° 3, Ja1_5: = 60 HZ ae, 
Bes 04, 2a Hew eg eso Cm, 1, W,,), 4.60 
(i, 1; Hoi)e SeLOe Ce Jou-5',5" Sel r Dee ls, 5, OH); 
De hO> (di; Joyo" = QZ yell Olan GOs. dy Jiao = 
PeoeHa, ly His 7.28 (s, 2, 6-NH,), 8.18 (s, 1, Ho), 


Gao Sian Ly Ho). Mass spectrum (215°) m/e (3% R.I 
ton) 251 (4M), 22174, 56), 202 (4,5 c-18) 178 (14, 


dr (L644 (60, h)y, 148 (li ily 136..(45, 


B+2H), 135 (100, 
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=25..87 5 (C0.6, 


ow 


BrH). = [Reported (58). mp 225-2267 7 ilo) 
H,0)]. | 

Anal. Calcd for Cy 9 #1 3N503: Cras COMM On 2 Ni 
2126015) Found: (°C, 47.68; H, 5.357 N, 27266. 

Further elution with MeOH-H,O (6:4) gave 0.005 g 
OF a product -1dentical to a sample of vauthentive 9-— (3-05 
ethyl-8-D-xylofuranosyl) adenine (128) by thin layer 
chromatography and mass spectrometry. 

9- (3-O-Ethy1-g -D-xylofuranosy1) adenine (128) 


Fo,,a Suspension, of 0.125 71g (0.0005 mole) of 31 
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in 50 ml of absolute EtOH was added 0.050 g (0.0013 


mole) fof NaBH, . The mixture was heated 19 hr at reflux. 


The solution was evaporated and the white residue was 
dissolved in 120 ml of MeOH. The solution was 
neutralized with glaciai HOAc and evaporated to dry- 


ness. The residue was dissolved in 20 ml of HO and 


this solution: was applied to a column (2.2 x 30 cm) 
of Dowex 1-X2 (OH ) packed in HO. The product was 
eluted with MeOH-H.0 (3:7) and evaporation of appro- 
priate fractions gave 0.lg (68.5%) Of 7128.) “This 
product was recrystallized from 10 ml of 95% EtOH 


(ether, desiccator) to give 0.095 g of 128 as white 


24 


needles: mp 175-176°; la], =662.07 (G7 0559, DME), uv 


(0.1 N HCl) max 255 nm (¢ 13,650), min 230 (3,500); 
uv (HO) max 258 nm (¢ 14,000), min 230 (3,500); uv 
(0.1 N NaOH) max 258 nm (ce 14,000), min 230 (4,050); 


mmr (DMSO-d,) § 1.10 (t, J = 7 Hz, 3, OCH,CH,), 354 
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mass spectrum (180°) (% R.I., ion) 295 (2, M), 266 (2, 


M-CH CH3), 265 (2, c), 251 (959% M24) 70234" 47 M- 
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analieCa lcd: tor C198) 704N5: 


Nmeteoer De wounds)" Cp c4 e667 16 07 2 Nis, 28.146 


9- (2, 3-Anhydro-8-D-lyxofuranosy1) adenine (38) 


(56) (128). Method A. 


The procedure given above for the preparation 
Stace was. LOblowed to ;chesend of the first paragraph. 
The resulting pale yellow solid foam was dissolved 
in 50 ml of dry, freshly distilled pyridine and cooled 
to 0°. Freshly distilled methanesulfonyl chloride 
(0.1 ml, 0.0013 mole) was added and the solution was 
stirred for 3 days at 0°. Ice chips were added and the 
solution was poured into 100 ml of ice water. The 
mixture was extracted with 150 ml of CHC13. The organic 
phase was washed with 100 ml of 10% aqueous NaHCO, 
solution, 100 ml of H,O, dried over Na,SO,, filtered, 
and evaporated. The resulting residue was dissolved 
in 70 ml of MeOH and the solution was stirred with 
0.4 g (0.0075 mole) of NaOMe for 16 hr at room tempera- 
ture. This solution was neutralized with HOAC-H.O (GS) 
and 2.3 g of neutral silica gel was added. The mix- 
ture was evaporated to dryness and the impregnated 
powder was added to a column (2 x 28 cm, 47 g) of 
silica gel. The column was washed with EtOAc and the 


wash was discarded. The product was eluted using 
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EtOAc-MeOH (8:2) and evaporation of appropriate fractions 
gave a yellow powder, which was crystallized from a 
mixture of 95% EtOH and n-pentane to give 0.126 g (50%) 


of 38: mp 208-210° dec; [al4” -17.5° (¢ 0.19, H,0); 


uve (OOP NVHEL) "max *258 nmieel4, 700); mine228 (2,600); 
uv (H,0) max 258 nme ets os00) 7 min 225.1(2, 000) ¥ uv. 
(0.1 N NaOH) max 258 nm (ec 14,600), min 225 (2,500); 


nmr (DMSO-d; ) OVS H6 +n Ma2 FS AeuA | Gn 2 sh 


51,5) 30 


Hyaw)s 4.25" (a; J51_3: 203 "HZ el, Hoi)s D2 On (DEgs nr, 


SUSOH). .6026"(S; "1; Hyde Tes20(s, 42) 6=NB om se 


a) 
See2ri(s, sek. 12 Ho, Ho) mass spectrum (190°) m/e 
UReESy) aon): 2499 (5 yey 2219 (ey eG), 6202. (1)4e=27) (7190 
3, Fi) Ros eHeoopen) 791484 (10, 1£) 791360 (45; 
(45, BtH). [Reported (128) mp 210-211°;- fal 
ke H,0)]. 


AnalerCaicd, for Cy oH NO Cet 4841.99) Heh 4s45%. Nj 


ih Sve 
28210.0 Found: “C, 47.95; H, 4.767 N, 28/19. 


9- (3,5-O-Isopropylidene-8-D-xylofuranosy1) - 


adenine (32) (44), (45), (55), (105). 


To a stirred solution of freshly distriied 
acetone (20 ml) containing 2.8 g of p-toluenesulfonic 
acid and 5 ml (0.02 mole) of 2,2-dimethoxypropane, 

1 g (0.0037 mole) of 23b was added. The flask was 
stoppered and stirred for 12 hr. The brown solution 


was poured, with stirring into 50 ml of saturated 
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aqueous sodium bicarbonate solution. After a few 
minutes the solution was extracted with 20 ml of ether. 
The ether layer was discarded and the aqueous layer, 


now colorless, was extracted with 8 x 50 ml‘of CHCl, 


250,- 


Drying agent was removed by filtration and the filtrate 


and the combined organic phase was dried over Na 


Was evaporated to give 1.1 g (100%) of 32.as a white 
powder. The product was recrystallized from 95% EtOH 


feter mcdesiccacor) to gives) 30g, (1002) of 32, as 


long white needles: mp 214-215°; ia Seo Cel 0D, 


DMM) aUV sO .laNVHCL) omax 25onnm. (¢i13,800), min 225 
(3,350); “uy (H,0) Maxne Sea nme s, 600), min 223. °(2 3550) 
uy o(0.12°N NaOH) smax’ 258 nmi (ec 14,300) min 225 (3,450). 


Nmr (DMSO-d =r OE) 2. poco Os 
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3.35 (m, 3, CH,CH,OH+OH), 


Be) ys Sy (s, ae Hit), 
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B26 Sires Ho) mass spectrum GIO Oe) Sete RY tats On ees 07, 
(4,)M) 292. (4, M-15),. 220. (3), 194 (4, i), 178 (11.5, 
Soe aa Gans C0, oan (Ay wt) ou aa ue nenyr eo. (54, 
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DMF). (55) mp 212.5-214°.] 
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931437 5-O-Isepropy Lidene=2-0-methanesul fony1=g-D- 


xylofuranosyl) adenine (37) (56). 


Tord sO. LUC One Migu0.0033 mole) of 32 in 20 %m1 
of dry distilled pyridine was added 1 ml (0.013 mole) 
of methanesulfonyl chloride with stirring. The flask 
was stoppered and stirred for 6 hr. The yellow reac- 


tion mixture was poured into 150 ml of HO and this 


solution was extracted with 6 x 50 ml of CHC1.. The 


combined organic phase was washed with 100 ml of sat- 


urated aqueous NaHCO, sokucion, LOO mi sof H.O, dried 


2 


over Na,SO,, filtered, and evaporated in vacuo. 
Remaining traces of pyridine were removed by coevapora- 
tion with toluene. The yellow residue was dissolved 
thee ml Of CHCl, and applied to a silica column (100 g, 
2.3 x 50 cm). The column was washed with CHCl, (300 
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ml) and the compound was then eluted with MeOH-CHC1 3 


(2:98). Evaporation of the appropriate fractions gave 
0.960: 9. (77%) of (37 aswa white, powder:4, mpi 218=219%; 
[a]24 -g1.5° (c 0.98, MeOH); uv (MeOH) max 255 nm 


(eo 165400 )),2 mine 225, (2 200)nanmr (DMSO-d) Gali 5ita, 50 
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NH,), SS Cs peek, H,) 8. 2600(S5 a ky Ho); mass spectrum 
(2002) 54% Ro day lon): .3854(450M)9 8 30% (75 57 mtiedS) 7. 327 


(2, alta Gece seal 248 (Lisson 2328 (G2 .5), e218e (4); 
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iO 2 C9) 9, 17S" | (85d): LOA A(LO0;, Ee Leon, (Bi, iE) iG SiG? (54 , 
By 135 8045; BAH). PReporced ((56)" mp 22-2275; 
pee 20 (Cel MeOH) as 

Anal. Calcd for Ci 4Hy9N59,S: C,) 43.623 Ho” 4-97: 


Wee oe 7 Toy) o.0260 Wounds Cc, 43.597 H,; 5.01ls N, 18.07; 


9- (2-O-Methanesulfony1-g-D-xylofuranosy1) adenine 


(B78) (56) "(128) 


Tor S0mmiaoLetrielyoroacetic acid-H.0 (45335) 
was added_0-840 (9) (040022 mole) or 37 and. the solution 
was stirred for 25 minutes. The solution was 
evaporated to give an off-white foam which was dissolved 
in MeOH and 4 g of silica gel was added. The mixture 
was evaporated to dryness and the impregnated powder 
was added toa -coluun, (80g) Zase% 140 cm) of sitive. 
The product was eluted using MeOH:CHC1, Cis) wand 
evaporation of the appropriate fractions gave 0.6lg 
(81%) of 37a as an off-white powder: mp 161-182°; uv 
(OTP N° HET) mmax 250 enme (e0l5, 700) mine 22omer 372 50))7; 
uv (HO) Maxe258 nme 16,000) *mine22 827500); suv 
(0.1 N NaOH) max 256 (e 15,700), min 225 (2,500). 
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Ses oa Ho, Ho). Mass spectrum (Calcd for C,H) 5N.0,S: 
R455 074 24 Pound 4 sm/erns4570:730).1(200°) (Ch Rada, ion) 
Bao OE Ie) 7 248 oS. 5)), g2U9) 0535), 202.105.5)' 7, 719004 5, 
ies NGsK4 45,1 a)i, S640 (WOO PMI, 61.48.0112, 4£)y) .136 1047.5, 
B+2H), 135 (85.5, B+H). [Reported (56) mp 170.5-171°. 
(228)0 mo 1723173265) 

Analsa¢ Calcd vier C,H) 5N.0;S: C088 ea53 FE PA 3S 
Nay 20). 26> 6S, ©9702 842 Pound iiC, 938440; 9H, 44 2413cN 2 20203; 


9=(2;,3-Anhydro-6-D-lyxoburanosyl1) adenine (38). 


Method B. 

fo vee coOlucion Of 1.35 gq (0.00) mole) or 37a in 
200 ml of MeOH was added 0.4 g (0.017 mole) of 
sodium. The solution was stirred at room temperature 
for 6 hr, neutralized with glacial HOAc, and evaporated 
to dryness. The residue was dissolved in 25 ml of 
H50 and the solution was applied to a column (2.3 x 
52 cm) of Dowex 1-X2 (OH ) resin. Elution with H,0 
gave 0.218 g (87%) of pure 38. This product was 
identical with a known sample (see above) by nmr, tlc 
(silica, 10% MeOH in CHC1,); and mass spectrometry 
(Calecdrforec, jHWwN-O 249.0862; Found: m/e 249.0868). 
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(0.002 mole) of sodium benzoate. This mixture was 
heated at 100° for 5 hr with stirring and then 
evaporated in vacuo to give a yellow gum. This gum 

was dissolved in 80 ml of MeOH and 0.15 g (0.0063 g., 
at.) of Na was added. The solution was stirred for 

16 hr at room temperature, neutralized with glacial 
acetic acid and evaporated. The residue was dissolved 
in} 20 mii" of H50 and the solution was applied to a 
column (2.2 x 50 cm) of Dowex 1-X2 (OH ) resin packed 
in HO. The column was washed with H,O (2 2) -and then 
with MeOH-H_O (12:59) 44292). Thegconcentration of 

MeOH in H5O was gradually increased to 65% (dry volume). 
Avsmealliquantity, 0.018 g (6.5%) of material indis-— 
tinguishable from 23b.by thin layer chromatography (tlc), 
paper chromatography, electrophoresis and mass spectros- 
copy was obtained. After increasing the concentration 
Of MeOH to 85%, the desired product 17 was eluted. 
Evaporation of the appropriate fractions and crystal- 
lization of the residue from 95% EtOH (ether, desiccator) 
gave 0.210 g (80%) of 17: mp 265-266°. This product 
was shown to be free of the xylo-isomer by paper 


chromatography. ae 


S120 (CaO. lL, H,0) wae SC 10. S31, 
DMF); uv (0.1 N HCl) max 256 nm (ome 30 ONL Me nee 2 
(2/5200) i Uv: (H,0) max 256 nm, (¢ 23,400) ,.min 225 
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BPO 5.40. fbr (sl 2, 2'-OW, 634-08), 6.25 (d, 61, 

BV 83% Sit Bz pat {wl A? Mg) (be ae 25 6-NHy)) 8.15, 8.18 
(spose, (ls Ho, Ho); mass spectrum (215°), m/e (2ERGE 7 
monyee67) (872M) 70250-4925; uMe17), 237 (3— ec), 194 (3, 
Ge 1nbe (24), 4) e164) {1004 0h) 34148) 1954), 136% (54; 


Pez), 35 (91,,BeH). (Reported? (56) amp. 257-257..5°; 


[u]4’ -5° (c 0.25, H,0). (107) mp 258-260°; [0]2° -1.7° 


D D 


(c) 0254, pyridine) ]. 
Anaad. Calcd for Cy oH 3N594: CG, 44,94; H, 4.90; N, 
“0.20, founds CC) 44,995-H) 5 156) N,. 25.98. 


9=(3-Azido-3-deoxy-—g-D-arabinofuranosy1) adenine 


(129a) (104). 


To-a-suspension ‘of 0 2250)4g 740/001 ‘mole): Gf 738 tin 
50 ml of dry, distilled DMF was added 0.5 g (0.0075 
mole) of sodium azide. The mixture was heated for 4 
hr at 100° with stirring and then evaporated in vacuo. 
The resulting pale yellow solid was dissolved in 15 


ml of HO and this solution was applied to a colum 


2 
(3 x 50 cm) of Dowex 1-X2 (OH ) resin. Elution with 


MeOH-H.0 (7:3) and concentration of the appropriate 


fractions gave 0.20 g (68%) of 129a as white needles: 
mp 165-166°; [al4* -39.2° (c¢ 0.45, DMF); uv (MeOH) 
max 258 am? le" 15,000) ,2min- 225942 ,700) senme (DMSO-d_) 


$3.65 ("a", 2, Her suds 3.8 (m, 1, Hy,), 4.25-4.6 
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Spec Haar (2007 pem/er (te Rog. ,. ton) 292) (17M) 77250) (125, 
M-42(N,)], 220 (4, c-42), 194 (7, i), 190 (4, 4), 
PHENO 57 9d), HLO4G(2UIo 7 Dyas] (E857 ry, 7136 (53, 
B+2H), Le 5=( LOO; B+H). {Reported (104) compound does 
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9- (3-Amino-3-deoxy-8-D-arabinofuranosy1) adenine 


(129b) (104). 


A solution of 0.050 g (0.00017 mole) of 129a in 
50 ml of 95% EtOH was hydrogenated at 45 psi (gauge 
pressure) for 22 hr at ambient temperature over 0.050 
guof 5% (Pd/C catalyst. ~ The mixture was ‘filtered, the 
filter cake washed with 10 ml of hot EtOH, and the 
combined filtrate evaporated to give a white solid 
which wasi'crystallized from’ 5 ml of 95% EtON’ (ether, 


desiccator) )to give 0.036 g (84%) of 129b: mp 220- 


24 


2222.° Col), 
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9- (3+O-Methyl-8-D-arabinofuranosyl1) adenine (131) 


and, 9-(2-O-Methy1——-D-xy lofuranesyl) adenine (132). 


To a suspension of 0.2 g (0.0008 mole) of 38 in 
50 mi of MeOH was added 0.3 g (0.008 mole) of NaBH,. 
The mixture was heated for 5 hr at reflux. After 
cooling, the solution was neutralized with glacial 
HOAc and evaporated to give a white powder which was 
dissolved in 15 ml of H50 and applied to a column 
(2.3 x 33 cm) of Dowex 1-X2 (OH ) resin. Elution with 
H,0 gave 0.001 g of a product identical by thin layer 
chromatography and mass spectrometry to an authentic 
sample of 9-(2-Deoxy-8-D-threo-pentofuranosy1) adenine 
(133). Further elution with H,O gave 0.030 g ClS5)e Of 
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NH,), Berio AS) Le Ho), Se30) (Sy cL, Hy)i mass spectrum 
(Caled for C1 Fy 5N5Oy? Zoi ebiz4; Found: “m7e 281. 150) 
tO w/e (Ra. ony 26ers, (iM), 251" (2; °C), 250 
Ono alae mietss alan Mo (Stel ahl92n(397ad) 79190 (2 
Det TSO tv L644 M00, th), 9l48 (16,.f), 1464 (42.5, 
Wigs L36%6100y%B+2H)5 wi35H476,5B+H) . 

Elution with MeOH-H,O (3:7) and evaporation of 
Ene “appropriates iractionsagave 02185 g),(79%) of 031 


which was crystallized from 98% EtOH (ether, desiccator) 
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and had mp 229-230°; fal) Om am(CyOs35, HO); uv 


2 

(OGL oN SHCL), imax 255 nme (airl4/200), min 228..(4,200); 
uv (HO) max 258enm,(6215;,400)),2min (45.200): suv 

(0.2 N NaOH) max 258 nm (€ 16,000), min 228 (4,200); 
nmr (DMSO-d, ) O 22486. als) Se OCH3), Selo LS sails 
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5.12: (be "t's Je _opis: ge 


2U5OH)) MG21N (ced ymisge= 4-5 Hzeeta Heit. 2) (2,424 


H rogue Sessu(m, 2; Hair Hai), 4a3 Fi(br sini d, Hoi), 
Oe NR ZY, EO 1a. MOT tC, sls 


6-NH,), S12 RS akS ts pss Vl aL F Ho, Hg); mass spectrum 
(2002) “m7e (S2R-R. yton)128y (477) 2669 (625 ,9M—-15), 


25ES(5 Si Cmez0 (5.5, C- S31) 192 Comat), £18 (23-5, 


Ap elG4 (LOOP Win 140a (21 y eeu bs6gS9p Br2H) ,o L354 (97, 


BtH) . 


Anal. Calcd for C1 Fy 5N59,: 


Za 0K. e Found: Cs) 46n 76; Hy. 5246;57N, 22512 - 


7046259960 H i5.ars  N, 


134. 
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9—(2-Deoxy-g-D-threo-pentofuranosy1) adenine(133), 


9- (3-Deoxy-8-D-threo-pentofuranosy1) adenine (134) (92) 


and 9-(3-0-Ethyl-g-D-arabinofuranosyl) adenine (134a). 


Lowa suspension of "1 97 (02004 mole) of: 38 in 100 


ml of 95% EtOH was added 1.5 g (0.04 mole) of NaBH,. 


The mixture was heated for 6 hr at reflux and then 
evaporated to dryness. The residue was dissolved in 

100 ml of MeOH and refluxed 10 min. The solution was 
neutralized with glacial acetic acid and then evaporated 
to dryness. The residue was dissolved in 20 ml of 


H,0 and applied to a column (2.5 x 53 cm) of Dowex 1-X2 


(OH ) resin. Elution with HO gave a small amount 
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(Of 017 .9)}/ O£° 133: >*mp*220-221"%; Lol, cava sds pasan (oll) ilps), 


DMF); uv (0,1 N HCl): max 255 nm (c 14,200), min 230 


(37500) 3 uv (H,0) max 258 nm (ce 14,700), min 228 
(27750) 7% uve (02 1 *N* NaOH) maxezo8enmite* 15,000) 7.min 


225° (37000) 7 00m (DMSO-d _) S 2eaend Of od, JS eed Bee! 


2"-2! 


HZ7) J) =e2e HZ el, Hou) 229 TO SeDE stk Hoi) 38 


(m, 2, Hoe gue An Am; ks Hyves Bt Cite aL, H3.), 


4565. *C eh; SES Mie pou Ol ty re Cal, 


35"-OH-5')5" 


= 95 EDZay a, 3'=OH); 6.42 (d of d, Ji1_o = 


136° (Drs, 42) e6—-NA 


a3" -0H, 3" 


Sez, = P2MU Zot eH 


Jirign pie a) 
SSl2E( ser; Ho), S242) HeF Ty Hy) mass spectrum (200°) 
m7e*(Ril.y LON) a Zole (845, 8M) 236 es, Mav); Zed, (a Cc), 
203782 5, i> (oe oes TIOMAS S57 (2) LOA: Keay h), 162 


(58.5, a), 148 (2, £), 136 (41.5, B+2H), 135 (100, B+tH). 
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[Reported (92) mp 218.9-219.5°; [als = ONC, (DME) id. 
Anal. CaLtcd for C...H- aN .O Ca SOO ell yy Or. colts 


VO 13°53" 
No oes Found: Cc. 49 2753 °5 00+ N,. 27.98% 


Further elution with H,0 gave Orit gy (71%) of 134: 


mp 198-199°; [o]3* -26° (c 0.49, DMF); uv (0.1 N HCL) 


Max coo nm ie 4,600), moines (3,600) => uv (H.0) max 
255 nee 14,600), ‘minr22>, (2,650) ;-uv’ (0.1 N NaOH) 


mas 250 nm ile 115,200) py umine 22s (2,950); nmr (DMSO-d) 


G7 9 2845 (mt, 02) Bro4. (bx S722; Hey suds 


Signe 


4 ude tm, Play ape sie Guia Bir Hoi), Dette(pr Ss; 1, 


4) 


5 -OH)2," 52402 (di, Jo1_on b= Deez ely, 2 OH) 0 On 7) (Cd, 
a 


8D ZG e 1s, Hii), 1222 (Dies 2, 6=NH SeelD 


Jiro a) 
SL, Ho), Seo 0pe (Si) iby Ho) Mass spectrum (185°) m/e 
(Rod ston) 254 (Cl 55 1M), 234 (2.5, M-17), 221) (7.5, 


Qi, QO2 NG pw eale sat 7 Sells pany n164) (9%,0h), 148) (9, 


Ith 
~— 
= 


1366 (51.5 ye bt2H) 7 Aus LOO, BIH). [Reported (92) mp 


195-196°; [a]4* -27° (c¢ 1, DMF).1 


Anal. Calcd for Cy 9 #1 3N503: Cato a Higa cele 


Nie Seiad ee OU Ct ee Chand Oi. LO, Hye o.60030 IN pci O'. 


A third product, 134a, was eluted with MeOH-H.,O 


Z 
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Gleb eV Led ORO SO uc 7) mips 20 L202 2 lal, Seo. 


0.47, DMF); uv (0.1 N HCl) max 255 nm (ea 291010). aan 
228: (4,600) ;* uy (HO) Maxs. 29:0 sniw(emel> 90 0)e mam i220 

(2, 750)3) uv (0.1 N NaOH) max 258 He 16,109), min 228 
(3,450) 7 nmr (DMSO-d, ) Ong Sete edo za Ls OCH.CH,), 


3.99 (gq, 0 0=7"7 HZ, 2, -OCH.CH 3), B20) sem 2, oH 
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Miek Si type: 2 ee 50RD ct), 


EST 


3304 G'si%,:-L, Hyi)s Arend (at Spy oL s Ha), A 22 Sie (IN py a 


Hoi), 5's, (bwas, (neo pO lea, Sar (br si 1 pac2i*-OH) s.6522 
(a7 Jis_9: = SSH 2 pik, Hii), Wao wlS, 12, 6-NH,), Shes bee 
Sans (siyes: | axis H and He); Mass spectrum (180°) m/e 


Uebey-@ion)i 295 5(liy Mi, 2669(545, M-C.H 25 3(1 Oy, 


5). 
M-44), 220 (4, c-45), 194 (3.5, i), 178 (16.5, d), 164 
00min), 148.09 s5ref) 7 126 (5425p -B42H) 0135 (57.5, 


B+H) . 


Anal. Caled for C1 5H) 7N.0,: Cy Pass SOs sy 45230 N, 
Beis we hound. 8 tC, 49.017 5H, 6.0L; (IN; 23.79. 
9- (2-Fluoro-2-deoxy-8-D-xylofuranosyl) adenine 


(136) and 9-(S-Filuero—3-deoxy-—@-D-arabinefuranosyl) — 


adenine (135). 


To a suspension of 0.25 g (0.001 mole) of 38 


in 75 ml of dry distilled CH,CN was added 1 g (0.067 
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mole) of Et,NF. The reaction mixture was heated at 
90° with stirring for 19 hr. MeOH (10 ml) was added 
to the cooled reaction mixture and an insoluble non- 
uv absorbing solid was removed by filtration. A 

2.5 g portion of silica was added and the mixture was 
evaporated to dryness. The impregnated powder was 
added: toval columng2..3t x37) cmyS0r quick silicate. The 
column was washed with 1.5 & of CHCl, and the products 


were eluted with CHC1l.-MeOH (95:5). The first frac- 
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tions contained a small amount (= 20 mg) of pure 136. 
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This product was identified by its mass spectrum (195°) 
BSCR Lg 200) en 2O9u( tM) 2590 (5,.C)e 2o2(4, M-17), 
Bee oy Me Sit 7) 7 80, (90) 98), 164,455), 1), 136 
(355 B+2H), 135 oG.0.05, B+H) and its oe nmr spectrum 
(DMSO-d) 
Hyde Sr Od A pal gO) Ouse Oe AOL OF) Aye. 


OR ouwhe Misael tetenas GelO—4 5 ula 2is. i 
Se, 


49 Hz, J 


Dig ese zy eee 2 sul aos dS iad 


<1'-2'F © 


21. BZ, al A els Sy Agramneen ee 65:23) (dian 


ys 37 =-OH, 3° 
Sees) EZ Hae 3'-OH), Temes (br S, 2 6-NH,), petra oye Su.2 5 


Jeeps 


Sie Sel ack Ho, Hg). 

Purther elution gave, fractions /containing,135),and 
136 and finally afew dilute fractions containing 
very ema Licuantities.onapure 130; identified by its 
Mass sspecerum, (1952) 269 (8.55 M)., 2398(67, Cc), 252 
(1255 M=17) 1 78a (37.5, id; 164.(100;,h)7 148 (8.5, 
Eyre sO, (46, 5842H) 5) 135 (92, Bi). 

4-Amino-7- (2, 3-anhydro-g-D-ribofuranosy1) pyrrolo- 


[2,3-d] pyrimidine, (58) (61). 


To 300 ml of MeOH saturated with NH3 (ata=5* )*, 
in a 500 ml round bottom flask was added 5.55 g (0.01 
mole) of 51 at -5°. The flask was securely stoppered 
and allowed to stand at room temperature for 6 hr. 
The completion of the reaction was then verified by 
thin layer chromatography (tlc) (silica gel, 5% MeOH 


in CHC13). The NH, was removed by stirring the solu- 
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tion under vacuum (water pump). Silica gel (7 g) was 
then added and the mixture was evaporated at room 
temperature in vacuo. The impregnated powder was 

aaded Gtojaswidercolumn a(¢.2.5 «9 om,,150.g) of silica 
gel. The column was washed with CHCl, (22) andsthe 
wash was discarded. The product was eluted using 
CHC1.-MeOH (95:5) and evaporation (at room temperature) 
of appropriate fractions gave 58 as a white powder which 
was dried under high vacuum for 12 hr at room tempera- 
ture to give 1.72 g (69%). A sample for analysis was 
rapidly recrystallized from 95% EtOH (ether, desiccator) 
to give 58 as white needles: mp 170-173°; [alo* ~46° 

(c 0.215, MeOH); uv (MeOH) max 271 nm (ce 11,500), min 
227.1¢2,410)3 nmr (DMSO-d, cw Oem, 125 Hou gules 412 


(t pid. 64Hz.j415 8H A. 204 (a, au =A2 425) HZ, 


qrde =a. -2' 
SQ oeHzs aL, Hoi)s 530 494bres; 


4'*-5',5" = 


Lp sie 4528. kded 5, m5: 


pmo esOH) 7 62282 (Sin by Hide 6260 Wd; £15, He)s 7.0545; 


2, 4-NH,), 1S He,t iy 8208 “s5 dy H,). Mass 


Nii 
spectrum! (1902). m/er (tS RiI.7 tonjs248 (11.5, M), 218 
(25 c) 217 (3,5) Ma3h)41 201 (0.565. C1 1) 7 1898 (omy i), 

1635.50 7b) Gal dap i(G. oF £), 1350 (205, B+2H), 134 (100, 
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BrH)ee, [Reported (61)emp)145-176°; [a], 426m Cc) 
0.2, MeOH)]. 
Anal. Caled for C,,H,.N,0 Cts aczs) He 4.1863 
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4-Amino-7- (3-io0do-3-deoxy-8-D-xylofuranosy1) pyrrolo- 


(2, 3-e pyrimidines (137) 


A 0.54 g (0.001 mole) sample of 51 was dissolved 
in 100 ml of MeOH presaturated with ammonia at -20° 
and allowed to stand at that temperature for 3 hr. 

The ammonia was then evaporated in vacuo at -20° and 
2g of silica gel was added to the solution. The mix- 
ture was evaporated to dryness and the impregnated 
powder was added to a column’ (2: x 26 cm, 40 g) of 
Silica. The column was washed with CHCl13 and the wash 
discarded. The product was eluted using CHC1,-MeOH 
(98:2) and evaporation of appropriate fractions gave 
OaZ25eg- (66%3)fo0f l37easi'a white: powder. A sample'for 
analysis was recrystallized from 95% EtOH (ether, 
desiccator) and had mp 175-176°; [alo =e =5oR (CuO 6, 
DME) Fauve (0e2 NAHCL)mmax? 2657225 nma(endl, 300; 52257200) , 
min?24515(582500% “av (HO) maxJ268 nine te 212,300), min 
238 (3,200); uv (0.1 N NaOH) max 268 nm (e 11,700), 

min 242 (6,000); nmr (DMSO-d_) 6ase./0. (bre, 27 Hot gu)s 
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289 (fu2} M1 27430) 891 (2; ayy 164 (44, h), aaa 

f), 135 aks, B+2H), £345(000; B+H). 
Anal. Calcd for C37 F 1 32N193: 

Nielanoor pL > Som 4. preounds §C, 35.12;0H§ 3.84: N, b4i6l: 


Coo lo po. 40s 


Ess s8 7% 
4-Amino-7- (3-deoxy-8-D-erythro-pentofuranosy1) - 


pyrzrolo [2 73—-d) pyrimidine = (139) 1 (60) . 


POva- suspension Of #07209 + (020008 mole) of 58 
in 80 ml of 98% EtOH was added 0.7 g (0.018 mole) 
of NaBH, . The mixture was heated for 4 hr at reflux 
wren -a*furthex, addztton iof*l .g*q'of NaBH, after 
45 min. The solution was evaporated and the white 
residue was dissolved in 100 ml of MeOH and refluxed 
for 10min. 7 After. acidification with gqracial HOAc, 
the solution was evaporated and the white residue 
was dissolved in 20 ml of HO and applied to a column 
(2.3: AO) cm)MGE sDowex: 1-X2 (OH)! resins “The 
product was eluted with H,O, and evaporation of 
appropriately pooled fractions gave 0.037 g (18.5%) 
Of» 159..) (Recrystallazation, of this, materzal from 
95% EtOH igave (02028 g:of.139 as white ,crystals: 
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240 (3,500); nmr (DMSO-d_) OMe. 0™ td OfVq PEF Hau), 
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Aaz0Ut"=sept™ ul, Hai), PD hana 2» Hews How) s 4.20- 
4355 7(6 Ha ekg = 
(Bryan, $2 Hour Hass 5 AO OC M EE J5'_oH-5',5" c= 
Seomdz, Ll, Si = = 
Pel OHI; 25.50 std, Jot _oy-2' Syepe me share sly, 
ZiesOH hs, 86 01 - (da, Tyla =Os HHA, Le, His Ore (ch? 


a6 0 Nes Le Hep POr98 se) “4-NHQ)', 7534 (a, 
Jo_5 = 4 Hz, 1, He), 8.10 (s, 1, H,)+ mass spectrum 
CESO"%)) *m/e7 (R.1.; ion) 250420, My 2207 (125, ce), 202 
Piece Ot Ovi; LiT" (Sad, ues * (32; hyp la? (4, fy; 


#357 (225 B+2H), 134 (100, B+H). [Reported (60) mp 


180-181°; [a]+’ -75.1° (c 1, EtOH)]. 
Anal> Caled for C1 Hy 4403: CD26 19 eH gre Ole 


Wipe ee2moos peOuUnG:. Cp SonOls Haina: 94> N, 22.23. 
N,N-Dibenzoy1-4-amino-7- (5-O-benzoy1-2, 3-anhydro- 


8-D-ribofuranosyl) pyrrolo[2,3-d]pyrimidine (140). 


To a suspension of 1 g (0.004 mole) of 58 in. 30 
ml of dry pyridine was added 3 ml (0.026 mole) of 
freshly distilled benzoyl chloride and the resulting 
clear solution was stirred for 8 hr at room tempera- 
ture. Ice chips were added and the solution was poured 
slowly into 2000 ml of ice and water with vigorous 
stirring. The resulting white precipitate was filtered, 
washed with 1000 ml of cold water, and dried (finally 
inowacuo, at. 502 )mtorga vet 2hgra(S93) 5 of l40. mRecrystal- 


iMvation! of.'0.,065mgq iofi this: product fromis ml) of; a 
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mixture of EtOH and CHCl, gave 0.060 g of pure 140: 
mp 201-202°; uv (MeOH) shoulder at 270 nm (ce 17,500), 


Max 215 nm (e -59,500)-cnmr (DMSO-d; ) 6 4.2-4.60 (m, 


5',5"' aie Hai, Hoi), G38 Cd, Jo_¢ 


He), 62 48(s7 "F; Hy), feisa soo, LOPraromatic; He), 


5, H H = 4 Hz, l, 


$256 (s;,°17 Ho); Mass spectrum (200°) m/e (R.I., ion) 


560 (68, M), 455 (100, M-COC,H 


gc), 439 (23, M-OCOC,H 


218 (40, s). 


AnalssCated for C35H5 4N40¢: Cy oem Sée HF yaecls N; 


52995 Ye Frounas Vie, 66 (4g 70H 7o4. 542IN5- 10327 
4-Amino-7- 8-D-xylofuranosylpyrrolo[2,3-d]- 


pyrimidine (141). 


TO a sOtution of 0.56 g K0.001 mole of 140 7in 
50 ml of DMF containing 1 ml of water was added 
0.35 g (0.002 mole) of sodium benzoate. This mix- 
ture was heated at 100° for’ 34 hr with stirring 
and then evaporated in vacuo. The resulting gum 
was dissolved in 240 ml of MeOH and 0.6 g (0.025 g, 
at.) of sodium was added. The solution was 
stirred for 21 hr at room temperature, neutralized 
with glacial acetic acid and evaporated. The 


residue was partitioned between 20 ml of H.O and 


Z 
50 ml of Et.0 and the aqueous phase was applied to 


a column (2.5 x 22 cm) of Dowex 1-X2 (OH ) resin 


packed in H,0O. The column was washed with H50 (2> 2) 
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144. 


and then with a mixture of MeOH-H.O (4 29i).4 the 


ratio of MeOH in HO was gradually increased to 6:4 


which eluted the product. Evaporation of the 
appropriate fractions gave 0.19 g (60%) of 141; which 


was crystallized from MeOH (ether, desiccator) to 


24 
D 


Ovo 7 eDME);euy (0.2L N HCL) max 270, 227 nm (e 10,600; 


give Osl8 ¢g of 14: “mp 1223-224°; {a} ~=1352 (¢ 


22,400). man 245 (3,950); (HO) Max ou On nthe el Lo Og 
mir 2 371,950); (0. Ne NaOH) ymax 270 nm (c¢ 11,400), 


min 240° (3,550) 4° nmr (DMSO-d, ) SS SA COse i Me 2 Hoe suds 


a295—410 1(m, 2, 1 Haw) AES 2 (DeSean yup a elt 


Sue 2M 


(ik, SHO Zee Ol)) On a, Ly 2. -OH), 


Jet ons a5" 


SOS (Siu oO) peo oo) dy Jiro: Hyde 


= 4°02 es) le He), Tea0 CD aS po 4-NH,), 


ewan dlalVArn Valor, 


Geo (dias oop 


Tee NG lye: = A HH 8.08 (s, 1, Hj), mass 


6-5 6) 
spectrum (170°)) m/e (R.1., aon) 266 (3, M), 177 (Ao 
ayy, LOS (6G hei 1Lo 6D Le oo (64. >, Bt ZH) a4 
(100, B+H). 

Anal. Calcd for Cy Fy aN 40g: Cee Oo eet eet Oc arN ; 
2104.” FPound:) #C75 49.423) Hy Si S2ee Ny 12.0. 

Further elution with MeOH-H,O (72:3) gave 0,..018 “sg 
of 142. This product had essentially, tdentical mobility 
to a sample of authentic 142 by thin layer chromatography 


paper chromatography, and electrophoresis. The mass 


spectrum was identical to that of 142. The nmr spectrum 
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(DMSO-d) of the product obtained from similar experi- 
mental batches was identical with that of 142. (Hy at 
SRG, 42; Ji1_9 =: i4; HZ) 


4-Amino-7- (3-azido-3-deoxy-8-D-xylofuranosyl- 


pyrrolo|2,3-d)pyrimidine, (143)... 


Towa SOLUCION. Of 0.560 1g (0l.001' mole) of 140 
InsoOrmL OL ary, GiLStil led: DME ‘wasrradded 0.5 g°{0'20075 
mole) of sodium azide. The mixture was heated for 
22 hr at 100° with stirring and then evaporated to 
dryness in vacuo. The resulting yellow gum was parti- 
3 ana =50 ml of H,0 and 


the aqueous layer was extracted with 2 x 50 ml of 


tioned between 200 ml of CHCl 


CHC13. The combined organic phase was washed with 2 x 
£00 mi of HO, dried over Na,SO,, filtered, and 
dissolved in 120 ml of MeOH and stirred with 0.46 g 
(0.002 g,at.) of sodium for 18 hr at room temperature. 
The solution was neutralized with glacial HOAc and 
‘evaporated. The residue was partitioned between 50 

ml of Et50 and =Z00 mb so£ H,O and the aqueous layer was 
applied to a column (2.3 x 25 cm) of Dowex 1-X2 (OH ) 
resin. The product was eluted using MeOH-H.0 (6:4). 
Evaporation of the appropriate fractions and recrystal- 
Eigatron +o£ the residue from Stmiecota9StwEtOH: tether, 


desiccator) gave 0.11 g (38%) of crystalline 143: mp 


24 


220-2212; lal, 


=Eo2eeCa0is5 5% DMF); uv (HO) max 268 
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Hime 15,500), min Zool, 950), (Of oN HCY) maxe270, 
227 nm (c 12,000; 24,000), min 245 (3,900); (0.1 N NaOH) 
max 270 nm (c 13,900), min 242 (3,900); nmr (DMSO-d,) 


(SOD bres, 25.0 ae 4. oD (i 2; Hair Haws 


Baal 


4.6 Crete, Jory = 99 HZ, Jo1_3 


eee coo ait oh On) Or OemMGy. Ons 5), =o Hz, * 1,7 8 
Cet emD Ye iS ye ly 2-On), (Ones (0 gu, -— 4 Hz,,9, 
CSiule 7 4-NH,) j Ths io\cn (sly Jes 
H,). Mass spectrum (190°) m/e (% R.I., ion) 291 (4.5, 


es yA ee 


M), 263 [1, M-28(N.) 1], 249 [2, M-42(N,)], 2197 LO. o C= 


42(N3)]1, D1 i CO) pe Oe a, I La (16. Sy hy, 


(135 (27, B+2H) 134 (100, BtH). 
Anal. : : , 
a Calcd stor C174) 3N70,: Ciao. 35 7. Hid 749 - 
NN, 333066 )FOunds "GC, 45 .26-4H, 4.64: N, 33.51. 
4-Amino-7-(3,5-O-isopropylidene-g-D-xylofuranosy1) - 


pyrrolo[2,3-d]pyrimidine (145). 


TO a Stirred solution of 6 ml of freshly distrlled 
acetone containing 0.84 g of p-toluenesulfonic acid 
and 1.5 ml (0.014 mole) of 2,2-dimethoxypropane was 
added 0,3 1g (070012 mole) of 141.) The flask was stop- 
pered and stirred for 20 hr. The red solution was 
poured, with stirring, into 30 ml of saturated aqueous 
sodium bicarbonate solution. After a few minutes 
the solution was extracted with 7 x 30 ml of CHC13. 


White crystals appeared upon concentration of the 
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147. 


combined organic phase and were filtered to yield 0.680 


qf 01009) of 145: mp 251°2252°; [al** -81.5 (c 0.5, DMF); 


Uva. NHC!) Wax 266, 3225 nm, {c 10,300, 21,400), ‘min 
min 242 (4,000); uv (HO) Maxec FO nm (= 200) - min 
2076 (280)';) uv (0.1L N NaOH) “max 267 nm (c .10,800) ,. min 


240 (c€ 4,000); nmr (DMSO- Reads Mord dia (seta ceo) 3 


a) 
H 


H Eo. 


BU 31° Hawi eae ou)s 


Cb yes by. 2) OH) 6 446 iS yreL, Hi), Ono g ear Je Gui 


5)s 6.96 (br s, 2, 4-NH5>), 7.42 (d, Je_ By 


ADE Z 1, He), S20: S.a(S ol, Ho); mass spectrum (185°) 


C(CH3) 5), Seo 4. 3; CM Os, 
(ae Am | 


(EUR. Let, von)! 8061. (85, M), 294 (47 M>1S)y 2198 (CL) Fees 
(Oe A) 7) C5555 qd), 16.3467 OF h), Arie G3., Li Ae owe USIPEA 
VB+2H), £34 61:00; B+H). 

Anal. Calcd- for Ci Hy gO4N,: Ci O44). 893. 7 5b 382s LN, 
Rew eee Ounds Coon 09s He On ose NL, 8.02 


4-Amino-7- (3,5-0-isopropylidene-2-O0-methane- 


sulfonyl-g-D-xylofuranosy1) pyrrolo[2,3-d]pyrimidine 


(146). 


To a solution. of 0.6 g (0.0019 mole) of 145 in 
10 ml of dry distilled pyridine was added 0.6 ml 
(0.007 mole) of methanesulfonyl chloride with eeerenan 
The flask was stoppered and stirred for 3 hr. The 
solution was poured into 150 ml of ice and water and 
this mixture was extracted with 4 x 50 ml of CHC13. 


The combined organic phase was washed with 100 ml of 
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saturated aqueous NaHCO3, LOOM Of H,O, dried over 


Na.SO filtered, and evaporated in vacuo to give a 


aa 


white powder. This powder was dissolved in 5 ml of 
CHCl, and japplied toa ‘column of sSilica*gel (2.3 x50 
cm, 100 g). The column was washed with 200 ml of 


CHCl, and the compound was then eluted with MeOH-CHCL 


3 ) 


(3:97). The appropriate fractions were evaporated to 
qgrve.0.58 ig (7/72) of [46%as a white powder: mp 80- 
Sa-s uv (MeOH) max 270-nm (6. 11,200) min 230° (3,670); 
nmr (DMSO-d, ) Of So see OmSgess Se. 3% C(CH3)5), 3.48 


tS,> 3): —-OSO>, CH BPO A. Ss SUM gy eL 4.65 


2 3)" 4? Hoe gu) 


(d, J = 2 Hz, 2; Hai)e SOS Sy iL, Hoi), 6.40 (s, 


ara 


GL60 Woy dee se Se e0Ha, 1, i 


5-6 Lele aC Dies 2-. 


ie Hii), 5s 


4-NH 7.40 (d,-7d = 13, O6NZ, Lyc Bc Oss .7 ey ae 


2): —6=5 6) 
mass spectrum (Calcd oeN C1 5H5QNyO;S: 304-7 11037" Found: 
mews oa 1111) (ise?) (ew Rels, ton) 384 (5.5%, MM), 369 
Vey MES in We seo) 7 SOL eT eee a2 ee 2OL” (LO 2S y, 
HOSP 7, oh) PAT o£), L358 (3277 et 20) 234" (100, 

B+H) . 


4-AMInNO—y —(Z-O-methanesul fonyi=6-b-xylofuranosy1) = 


pyrrolo[2,3=d)pyrimidine> (147) 


A 0.55 g (0.0014 mole) sample of 146 was dissolved 
an, 50 ml of, 902) tra eiuoroaceticracid. i The solution 
was stirred at room temperature for 20 min and was then 


evaporated. After removal of traces of water and acid 
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149, 


by coevaporation of the residue with benzene, 0.42 g 
(85%) of 147 was obtained as a white solid foam: mp 
P9180. uy (MeOH) max, 270°nm te 11,200), min 230 


(3767/0)3 nmr (DMSO-d; ) OOS iS, -CH3), Site NG a2 y 


Hes su), 4.09 (m, 1, Hg.) 4.42 (m, 1, H3,), 4.91 ("t", 
= = wan = 

Js on-5t,5" = 5 Ha, 1, 5'-OH), 5.21 ("t", Joi_3, 

Oe ee ets, Wi Bee enzo (d, J) 5, =2.5 Hz, 1, 


Hyi)s Ono 5G ou. 


secs (fits 
—2'-OH-2',2" = 5.5 Ag de; 2 OH), 6.60 


Ree ae oe) ete (brs, 2, A-NH,) 72.36 
(a, Jes = 4 HZ, 1, He) Savors 7, Ho)i Mass spectrum 
(2002) m/e (Rh. ciel oOn), O44, (Calcd tor C-. H. NOS: 


125°1.57.45.6 
344-0791* Found: m/e 344°30798) -(2.5 M), PRS COM M- 


(OsO-(CHa and’ Ou))) 217 (7, 248-31), 1201 (6), 189 (9,. 4), 


2 iS 
Os (9S, h), 1472 68, £), 357 (424.5), B+2H), 134. (L060, 
B+H). 

Anal. Calcd for C1281 6 N 40,8: Ci. 41.85: H,o4.:6646.N; 
MGOA2 1tG,o oo ee OUNnG sieC), aL Oem, 4. 41) NG LG. ODe: 1S, 
9.28. 


4-Amino-7- (2,3-anhydro-g-D-lyxofuranosy1) - 


pyrrolo[2,3-dlpyrimidine (144) 


Pokaysolutionpots0%237790(050007,.mole) of 247, 
in 80 ml of MeOH was added 0.2 g of sodium. The 
solution was stirred at room temperature for 12 hr, 
neutralized with glacial HOAc, and evaporated to 


dryness. The residue was dissolved in 25 ml of H5O 
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£50), 


anarthe solucionyapphied ‘to -a column “(2°x* 60cm), of 


Dowex 1-X2 (OH ) resin. Elution with HO and 


evaporation of appropriately pooled fractions gave 
Ome40"g 82s) Mor 144. "°Reerystallization of this 


material from 95% EtOH gave pure 144: mp 110-112° 


(dec); [a] ** S00. > (Cro se7 a pMey uy! (OCLN HCL) max 


ZLO,eezownm (4117100233000) Fs min 245° 445250); 
uv (H,0) MaxeevOenn= te "29 500) , min’ 247° 7 7500)."uv 
(Orie NaOn) max) 2 7/0 nin te 125000) 7.min’ 238" (47100) ; 


nmr (DMSO-d_) O75. Oo dre Per SH ee Neha Wi 


auegetndg 
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